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Abstract
For many decades, Open Burning/Open Detonation (OB/OD) has been used as a safe, effective,
and economic way to demilitarize munitions for energetic material disposal. Field OB/OD air
emissions have been very difficult to characterize because of rapid dispersion, short event dura-
tion, heterogeneous emission concentrations, large plume lift, soil entrainment, and explosive
safety restrictions. Work on SERDP project WP-2153 1s a continuation of work on SERDP pro-
ject WP-1672 “Feasibility of New Technology to Comprehensively Characterize Air Emissions
from Full Scale Open Burning and Open Detonation” which was successfully completed in
FY10. Work on SERDP WP-1672 determined that an aerostat-lofted instrument sampling pack-
age called the “Flyer” seemed to be a feasible measurement platform for determining emission
factors for the OB of propellants and the OD of explosives.

In order to meet the objectives of SERDP WP-2153, we conducted a field campaign to character-
ize air emissions from OB in pans of three propellants (M31A1E1, M26 and SPCF) and static
firing of Sparrow rocket motors (containing ammonium perchlorate (AP) composite propellant).
The field campaign occurred over a three week period from March 19 through April 7, 2011 at
Tooele Army Depot, UT. The research team also studied the feasibility of using the Flyer to
characterize air emissions from soil-covered OD.

During the field campaign, the Flyer was maneuvered into the OB and static fire plumes for
sampling. The 46 Ib (21 kg) instrument package was lofted with a He-filled balloon of 16 ft (4.9
m) nominal diameter, maneuvered by two tethers connected to two vehicles. Continuous meas-
urements of CO; and CO, and batch samples for particulate matter (PM;, and PM3 5), metals,
HCI, perchlorate, chlorate, volatile organic compounds, and semi-volatile organic compounds
allowed determination of emission factors. CO, readings indicated that the Flyer was successful-
ly maneuvered into 90-98% of the OB plumes from pan burning of the three different propellant
types and 92% of the static firing plumes.

The resulting emission factors for PM; and PM; s were very close suggesting that OB plumes
generate mostly fine PM (PM;5). The calculated emission factors were compared to the first year
results and literature values for similar propellant types. The derived emission factors for Pb and
Ba from SPCF and M26, respectively, were in the same range as the Pb emission factor from the
first year study of M1 propellant during WP-1672. HCI was measured from the Sparrow rocket
motor OB plumes with two different sampling methods, each resulting in comparable emission
factors. The derived HCI emission factor was approximately ten times lower than found in the
literature. Chlorate was also detected but was very close to the method reporting limit. No per-
chlorate and CO were detected for any of the propellants. Low levels of these emissions are ex-
pected with complete combustion of propellants.
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1. Introduction

1.1 Project Overview

U.S. Department of Defense (DoD) Installations, especially demilitarization facilities and Army
Ammunition Plants, have long used Open Burning/Open Detonation (OB/OD) as a safe, effec-
tive, and economic means to dispose of propellants, explosives, and waste military munitions.
DoD installations are required to comply with the Resource Conservation and Recovery Act
(RCRA) to operate OB/OD facilities. RCRA permits provide annual limits on the amount of en-
ergetic materials that can be disposed of at OB/OD facilities. The permit limitations are based on
human health risk assessments that include evaluation of risks from airborne exposure to emis-
sions generated from OB/OD. These assessments have used emission factors developed from
open atmosphere testing as well as from a small-scale OB/OD chamber known as a BangBox®.
Improvements to the methods and equipment for conducting open atmosphere air emissions test-
ing for OB/OD can help to continually validate these emission factors as well as produce a larger
set of high quality emission factors that address known data gaps. Field OB/OD air emissions
have been very difficult to characterize because of rapid dispersion, short event duration, hetero-
geneous emission concentrations, large plume lift, soil entrainment, and explosive safety re-
strictions.

Work on SERDP project WP-2153 is a continuation of work on SERDP project WP-1672 “Fea-
sibility of New Technology to Comprehensively Characterize Air Emissions from Full Scale
Open Burning and Open Detonation.” which was successfully completed in FY10. The project
team conducted a field campaign at Tooele Army Depot, Utah, in March 2010. Emissions from
OB of M1 propellant and uncovered OD of TNT were sampled over a three week period using a
combination of air emission measurement systems. Close coordination with the DoD demilitari-
zation community enabled the research team to show the feasibility of some of the sampling sys-
tems and to produce useful data for demilitarization-related compliance issues and operations.
Work on WP-2153 included OB emissions characterization of several propellants using a subset
of the measurement systems employed in WP-1672.

1.2 Objectives
The objectives of WP-2153 were to:

1. Provide innovative field scale measurement methods capable of obtaining representative air
emission data and filling OB air emission factor data gaps.

2. Conduct a field campaign to measure emissions of CO,, CO, PM;y and PM; 5, metals (e.g.,
Pb and Al), volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
HCI, ClO5’, ClOy4, and other chlorinated compounds.
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3. Compile OB and static fire field emission factor data and develop capability to measure
emissions from field scale OB using single-, double-, triple-based propellants and the static-
firing of rocket motors containing aluminized ammonium perchlorate (AP) propellant.

1.3 Background

1.3.1 Previous OB/OD Emission Work

Between 1961 and 1981, Ornellas conducted a series of bomb calorimeter detonation experi-
ments designed to determine how various factors affected the efficiency and effectiveness of the
detonation process (Ornellas, 1982). His experiments established that the major reaction products
from an unconfined detonation were Ny, CO,, and H,0, and the minor products were CO, Ha,
CHa, NO, NO,, HCN, HCI, HF, and volatile organic compounds (VOCs). The first comprehen-
sive DoD study to characterize air emissions from real world OB/OD operations was conducted
at Dugway Proving Grounds from 1984 through 1986. In 1988, the U.S. Army conducted a fol-
low-on study in the bang box at Sandia National Laboratories. Based on these test results, DoD
concluded that the emission factors for the predominant emission products produced in the bang
box emission tests were statistically equivalent to those produced in the Dugway Proving
Grounds open range tests. Similarities were also observed in data produced by Ornellas, which
showed that emission products did not change substantially, even when the quantity detonated
increased 32,000 times. In 1992, the USEPA concurred with these DoD conclusions and agreed
to accept bang box produced emission factors as representative of those that would be derived
through ground level, open air detonation and burn tests. Work by (Lindsay et al. 1999) em-
ployed blimp sampling at Hill Air Force Base in 1998 and 1999 to characterize emissions from
OD. The emissions were sampled via canisters, silica tubes, and Teflon filters suspended from
the blimp for CO,, VOCs, chloride analyses, and particulate matter. The tests were partially suc-
cessful, showed the potential for this type of sampling platform, and the authors made significant
suggestions for improvements.

DoD has submitted draft AP-42 air emission data for OB/OD to USEPA (AP-42 2009). The sub-
mission package was put together under a Joint Ordnance Commander’s Group Demilitarization
and Disposal Subgroup and DAC initiative and is in the final stages of review at the USEPA.
However, USEPA 1s currently working on revising their procedures for submission and publica-
tion of all air emission factors, so JOCG Demilitarization and Disposal Subgroup and JOCG En-
vironmental Subgroup are working with USEPA to evaluate how past data, as well as current and
future data such as that from this project, will be incorporated into these new procedures and sys-
tem. The supporting studies included testing on an open test range and in a BangBox® at
Dugway Proving Grounds between 1989 and 1995 (U.S. Army, AMMCOM, 1992(a-f); Mitchell
et. al., August 1998). The Naval Air Weapons Station China Lake also has an ongoing program
for OB/OD air emissions research.

The draft Chapter 16 of AP-42 contains tables showing emission factors and emission factor
quality ratings for both OB and OD operations. The USEPA quality rating codes for the emission
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factors range from A (excellent) to D (below average). A large majority of emission factors are
rated C or better. Emission factors with a D rating include PM;( from OD and metals from OD.
The proposed draft Chapter 16 has no emission factors for PM; s or any emission factor data for
soil-covered OD.

1.3.2 Summary of WP-1672

WP-1672 consisted of in- situ and optical remote sensing (ORS) sampling, analysis, and moni-
toring (Kim et al., 2010). The final technical report is available at the SERDP/ESTCP web site
(http://www serdp.org/content/download/9560/122378/file/WP-1672-FR.pdf). The in situ sampling configu-
ration included fixed position samplers and airborne sampling. The aerial platform used a bal-
loon-lofted instrument package called the “Flyer.” The instrument pack was lofted with a He-
filled balloon and maneuvered by two tethers connected to two all-terrain-vehicles (ATVs). Con-
tinuous measurements of CO, and co-sampled PM, volatile organic compounds, and semi-
volatile organic compounds allowed the determination of emission factors through a carbon mass
balance method.

The ORS monitoring consisted of a system for gases and a system for PM that included: 1) ac-
tive and passive open-path Fourier Transform Infrared (OP-FTIR) spectrometers and Ultraviolet
Differential Absorption Spectrometers (UV-DOAS), and 2) a hybrid-ORS that includes
Micropulse LIght Detection And Ranging (LIDAR) (MPL) and in situ point measurements. The
hybrid-ORS system was complemented with two Tapered Elemental Oscillating Microbalances
(TEOMs) and anemometers. The first ORS system measured gaseous emissions with active and
passive OP-FTIR and UV-DOAS. The hybrid-ORS system measured light extinction values with
the MPL and real time PM,, concentrations with the TEOMs. The MPL was mounted on a posi-
tioner to scan “slices” of the plume in vertical directions. The TEOMs were placed on a scissors
lift and raised about 30 feet off the ground. Wind speed and wind direction, the duration of each
event, and the mass of energetic that was detonated or burned for each event were then used to
determine gas and PM,;y mass emission factors for OB and OD sources.

Both in situ and ORS measurements have strengths and weaknesses in terms of their abilities to
effectively sample or detect emissions in OB/OD plumes. The methods evaluated in WP-1672
were designed to complement each other. During the field campaign, we experienced a wide
range of weather conditions typical of Tooele Army Depot in March including rapid and drastic
changes in wind direction and speed, strong solar radiation, and precipitation. The changing and
unpredictable wind conditions were challenging and each measurement system was most effec-
tive under different conditions:

e Aerial sampling by the tethered balloon was very effective during both low and high
wind speeds. The mobility provided by the ATV arrangement and the use of highly
trained aviation experts enhanced the sampling effectiveness.
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e The MPL was effective under most conditions due to its ability to scan through complete
vertical slices of the passing OB and OD plumes. Higher wind speeds limited the number
of complete scans the MPL could make through the plume.

e Ground-based ORS and TEOM plume detection and sampling effectiveness was en-
hanced at high wind speeds which held the plume close to the surface and greatly reduced
at low wind speeds where thermal diffusion resulted in rapidly rising plumes with limited
horizontal transport.

For the OD of TNT, the PM;, emission factor derived from Flyer measurements was 0.13 Ib/lb
net explosive weight (NEW), the emission factor derived from the ORS-based PM measurement
method was 0.20 1b/Ib NEW, and the published emission factor is 7.2 1b/lb NEW (AP-42 2009).
Although the ORS-based PM measurement method emission factor was almost twice that of the
Flyer derived value, the two values were still remarkably close considering the fundamental dif-
ference in the two measurement systems. The published value is much higher indicating the po-
tential importance of local conditions on the amount of soil PM that can be entrained in an OD
plume.

For the OB of M1 propellant, the PM;y emission factor derived from Flyer measurements was
5.7E-03 Ib/Ib NEW, the emission factor derived from the ORS-based PM measurement method
was 6.5E-03 1b/Ib NEW, and the published emission factor was 6.9E-03 1b/lb NEW (AP-42
2009). This close agreement is strong evidence that both PM measurement systems used in the
field campaign worked well for OB PM;y emissions. Although both PM measurement systems
had success during the Tooele field campaign, the Flyer-based system was in general more flexi-
ble during all wind conditions and was chosen as the measurement system to characterize OB
PM emissions for WP-2153.

The emission factors for the two target gases (i.e., benzene and naphthalene) derived from Flyer
measurements of OB and OD were quite close to existing published values (AP-42 2009). The
Flyer was also able to measure other polycyclic aromatic hydrocarbons and these emission fac-
tors were again comparable to published values when they were available (AP-42 2009). These
results and the proven capability of using the balloon to place the Flyer in the plume are strong
indicators of the Flyer measurement system’s capability to accurately assess both volatile and
semi-volatile organic gas emissions.

In contrast, the ORS measurement systems were not able to detect the target gases and therefore
no comparison could be made between the two types of gas measurement systems. The OP-FTIR
was able to consistently detect CO and sporadically detect NO, NO; ethylene, ammonia, and
acetylene. The OP-FTIR was able to measure CO;, for most OB events but the correlation be-
tween CO and CO; was very poor. For OD, very few of the plumes where CO was detected also
had a corresponding CO; detection. The emission factors derived from OP-FTIR measurements
for CO were 8.1E-03 1b CO/Ib NEW for OB and 6.0E-02 1b CO/Ib NEW for OD. This corre-
sponds to 2.2 E-02 1b CO/Ib C for OB and 1.6E-01 1b CO/Ib C for OD and the published values
for CO emission factors are 8.2E-04 1b CO/Ib C for OB and 1.5E-01 1b CO/1b C for OD (AP-42
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2009). The OD CO emission factor derived from the OP-FTIR measurements is very close to the
published value while the OB CO emission factor is not. The UV DOAS detected NO in OB and
OD plumes but provided no additional information when compared to the OP-FTIR data. The
two passive FTIRs did provide results for some plumes but the results were often contradictory
and the information provided no additional benefits beyond what we achieved with OP-FTIR. In
general, the ORS monitoring for gasses produced poor or inconsistent results and the research
team decided not to continue this type of monitoring for this proposed effort.
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2. Materials and Methods
Prior to the field campaign at Tooele Army Depot, the USEPA sampling group developed a Qual-
ity Assurance Project Plan (QAPP) that described the propellants to be tested, the test range, test-
ing procedures, sampling methods, analytical methods, and emission factor development. The
QAPP for WP-2153 is an addendum to the QAPP developed for WP-1672 and another addendum
to the QAPP covers sampling and analysis methods for Cl species. The original QAPP is at-
tached in Appendix A, the WP-2153 addendum that was approved by our advisory group before
the field campaign in Appendix B, and the Cl species QAPP in Appendix C.

2.1 Ordnance and Test Range

The air emissions from the OB of a single-base, a double-base and a triple-base propellant were
characterized. The air emissions from the static firing of rocket motors containing an aluminized
AP propellant were also characterized. These emissions characterization studies were done at the
Tooele Ammunition Depot Test Range. These propellants and their composition are listed in Ta-
ble 2-1. As a comparison the table includes composition data from the M1 propellant tested dur-
ing WP-1672.

Table 2-1. Notable features of selected propellants.

Compound Triple base  Double base  Single base AP base Single base
M31A1E1 M26 SPCF Sparrow Rocket Motor M1 (2010)
% % % % %
Potassium (K) 0.56 0.27 0.45
Chlorine (CI) 23
Lead (Pb) 0.78 0.78
Aluminum (Al) 7.5
Barium (Ba) 0.39
Molybdenum (Mo) 0.29
Iron (Fe) 0.44
Carbon (C) 18 25 26 11 29

SPCF — smokeless powder (SP) stabilized by cthyl centralite (C) that also contains a non-combustible flash inhibitor
(F). AP — Ammonium perchlorate propellant with 0.64% w/w Fe,05

These propellants were selected by the U.S. Army Defense Ammunition Center (DAC) with cri-
teria of stockpile relevance, sampling method gaps, and emission factor data gaps. As shown in
Table 2-1, notable features of the selected propellants are that the AP propellant contained 23%
Cl and 7.5% Al, the SPCF and M1 contained 0.8% Pb, and the M26 contained 0.4% Ba.

The propellants were placed in reusable metal pans situated on a concrete pad (~65 ft x 80 ft,
~20 m x 25 m) then ignited (Figure 2-1). Each pan held a single propellant charge size of 212-
397, 333, and 220 1b [96-180, 151, 100 kg] for M31A1E1 (triple base), M26 (double base), and
SPCF (single base) propellants, respectively. The charge size for the M1 propellant in 2010 was
100 1b [45 kg]. Additionally, the Sparrow rockets contained 134 1bs [61 kg] NEW and 103 1bs

ED_001691B_00010780



[47 kg] of AP (Figure 2-1D). Four rockets were lowered into an individual, below ground silo
located at the Tooele Production Range then ignited sequentially, about 15 s apart.

Figure 2-1. Reusable burn pans showing A) M31A1E1, B) M26, C) SPCF, and D) Sparrow
rocket motor.

2.2 Aerostat Sampling Method

An aerostat-borne instrument package named the “Flyer” was used to sample emissions from OB
in pans and static firing of rocket motors. This aerial sampling method used one ground-based
all-terrain vehicle (ATV) and one 4x4 wheel truck, each with an electric winch for the 1000 ft
[305 m] tethers, to anchor and maneuver a helium-filled aerostat, which carried a Flyer (Figure
2-2). A Kingfisher (K16N) 16x13 foot-diameter [4.9%3.9 m-diameter] helium aerostat lofted the
46 1b [21 kg] Flyer in Tooele. The combination of two vehicles and two tethers permitted the po-
sitioning of the aerostat, and therefore the Flyer, at a specific location and height downwind of
the burn pans and static fire silos. After the initiation of the burns, the Flyer was repositioned by
controlling the electric tether winches.
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Figure 2-2. Aerostat with Flyer.

A number of advances were made to the Flyer, for WP-2153 (Figure 2-3). Two Flyers were built;
“Wilbur” and “Orville.” Both were constructed with a lightweight, aluminum frame structure.
Wilbur includes an on-board computer, control software, and a wireless transmitter which allows
the sampling to be controlled from the ground while incorporating “triggers” that control multi-
ple on/off switches. These triggers, for example, allow one to loft multiple summa canisters and
trigger their valve opening at different CO, concentrations. The added computer enables data
storage like the original Flyer used for WP-1672 and enables the ground crew to monitor CO;
concentration, battery life, and pressure drop across a filter. Monitoring these data remotely al-
lows maximization of flight time and optimization of sample collection by avoiding problems
such as premature battery change outs or battery depletion and signaling the need for changing
plugged filters. Orville contains WP-1672 Flyer technology but has been outfitted with a teleme-
try system to transmit data to a handheld station. The telemetry system enables the ground crew
to monitor CO, concentration, battery life, and pressure drop across a filter but not control the
trigger settings from the ground. Both Flyers were updated with a stronger blower for sampling
of semi-volatile compounds, and 48 V Li-ion batteries. The combination of the more complex
Wilbur and the upgraded Orville allow us control and monitor from the ground level control cen-
ter while providing system redundancy in case of failures.

The Flyer was configured for this project with a CO; continuous emissions monitor (CEM), CO
electrochemical cell, volatile organic compound (VOC) sampler using a Summa canister, semi-
volatile sampler using a polyurethane foam (PUF)/XAD-2 resin/PUF sorbent, PM,, and PM; 5
filter sampler, HCI sampler using a filter and silica sorbent, perchlorate filter sampler, and a
PM; s CEM sampler. The specific samplers used for each propellant were selected based on the
anticipated emission products. Table 2-2 shows the specific emissions analyzed for each propel-
lant. In addition, the Flyer also has a global positioning system (GPS) on board to pinpoint posi-
tion and altitude. All sensor data and flow rates were logged to the on-board computer.
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Figure 2-3. Two views of the Flyer with computer and wireless transmission.

2.3 Testing and Sampling Procedure

The Flyer was prepositioned downwind or in some cases straight above the propellant burn site
with the aid of wind socks. The two vehicles equipped with electric winches and tethers were
used to anchor and maneuver the Flyer. Vehicle drivers and all campaign participants were re-
quired to stay outside the safety zone away from the OB pans. The propellant burns were ignited
one by one when winds blew towards the prepositioned Flyer. When necessary, the Flyer was
maneuvered into the plume by reeling the tethers in or out, as guided by visual observations. The
six to ten burn pans on the concrete pad contained 185-397 Ib [84-180 kg] each of propellant
(Table 2-2). The burn pans were positioned in two rows with three pans in each row for
M31AI1E1 propellant and two rows with two pans in each for M26 and SPCF propellant. When
backup pans were available they were often prefilled with propellant to reduce the time between
pan setups, (Figure 2-4).

The procedure for sampling the plumes of the static rocket firing tests at the Production Range
was only different in that no personnel were located at the winch controls during the burns. The
aerostat and Flyer were prepositioned downwind inside the personnel safety distance. Personnel
were evacuated to an observation bunker about 1/3 of a mile (~0.5 km) distance from the rocket
motors, where the winches could be remotely controlled to optimize the location of the aerostat
within the plume. Upwind personnel were in radio contact to guide the position of the aerostat
with respect to the plume. The test matrix and sampled analytes are shown in Table 2-2.
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Table 2-2. Test matrix.

Pans x .
Date Propellant Charge vOC SVOC PM,q PM,s HCl  Perchlorate Continuous
. PM, s
size (Ib)
3/22/2011  MB31AI1E1 6x212 X X X X
3/23/2011 MB31AI1E1 16x212 X X X X
2x318 X X X X
1x185 X X X X
6x318 X X X
3/24/2011  MB31AI1E1 7x344.5 X X X X
2x371 X X X X
1x397 X X X X
3/26/2011 M26 14x333 X X X X
3/28/2011 M26 6x333 X X X X
2x330 X X X X
3/29/2011 M26 18%333 X X X X
2x322 X X X X
3/30/2011 M26 9x333 X X X
1x322 X X X
3/31/2011 SPCF 9x220 X X X X
4/01/2011 SPCF Tx220 X X X X
23220 X X X X
4/04/2011 SPCF Tx220 X X X X
4/04/2011 Ambient air X X X X X X
4/06/2011 AP, 12x133 X X X X X
Sparrow
rocket
motor

X = sampled.

SR
Figure 2-4.
2.4 Emission Sampling and Analysis Methods

2.4.1 Carbon Dioxide by NDIR CEM and Carbon Monoxide by Electrochemical Cell
Carbon dioxide measurements were performed using a LI-COR Biosciences LI-820 non-
dispersive infrared (NDIR)-based CEM mounted on the Flyer. The LI-CORs use a 14 cm optical
bench, giving an analytical range of 0-20,000 ppm, with an accuracy specification of <2.5% of
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reading. The instrument was preceded by a filter for particulate matter removal prior to the opti-
cal lens. Signal averaging was set to 2 seconds per reading. The LI-COR Bioscience LI1-820
CEM was calibrated for CO, on a daily basis according to USEPA method 3A (USEPA 2008)
using a zero gas (100 % nitrogen), span gas (4500 ppm CQO;), and gases of intermediate CO,
concentrations (400 and 1500 ppm).

Carbon monoxide was sampled continuously using a semi-real time monitor. An onboard CO
sensor (Creative Solutions RCO1000) measured CO concentration by means of an electrochemi-
cal cell through CO oxidation. Output is linear from 0 to 1000 ppm at an operating relative hu-
midity range of 15-90%. The RCO 1000 was calibrated in the USEPA Metrology Laboratory pri-
or to trip departure at O to 80 ppm with +- 2 ppm error using USEPA method 3A (USEPA 2008).
CO measured by flow through the chemical cell was corroborated by the measurement of a sam-
ple taken from the Summa canister system and analyzed via gas chromatography.

2.4.2 Summa Canister Sampling for Volatile Compounds, Carbon Dioxide, and Carbon
Monoxide

2.4.2.1 Sampling Method

Summa canisters (1 L capacity) were used for collection of volatile organic compounds (VOCs)
via USEPA Method TO-15 (USEPA 1999a). Canisters were obtained from a commercial labora-
tory (Columbia Analytical Services - CAS) that could analyze for target analytes at low limits of
detection. An electronic solenoid valve sampling system atop the Summa canister was opened
and closed by the CO, concentration trigger circuit at operator-set levels. An electronic pressure
transducer and a pressure gauge was attached to the Summa canister which provided information
on the status of the summa canister (i.e. empty, filling, or full) and the voltage equivalent of the
Summa canister pressure was recorded on the onboard computer. The valve was followed by a
15 um frit filter in the stem of the Summa canister resulting in an approximate sampling time of
15 seconds.

Prior to deployment, the Summa canisters were checked at the USEPA metrology laboratories for
valve function (opening and closing) and sampling time. Prior to each experiment, the Summa
canister electronic valve functioning was checked to see if it opened and closed properly.

2.4.2.2 Analytical Method

The volatiles were analyzed using USEPA Method TO-15 (USEPA 1999a) with selective ion
monitoring mode GC/MS. A 0.4 L aliquot was pulled from the Summa canister and analyzed. An
internal spiking mixture was added to the Lab control sample. All surrogate standard recoveries
were within the method acceptance criteria of the CAS laboratory, e.g. the surrogate standard
recovery for benzene was 88% which was within its method acceptance criteria of 66-103%.

Each Summa canister sample was also analyzed for carbon dioxide and carbon monoxide by GC,

utilizing USEPA Method 25C (USEPA 1996), in which an aliquot of the collected Summa canis-

ter sample was injected into a sample loop equipped GC/FID. The CO, and CO surrogate stand-
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ard recoveries were 91 and 98 %, respectively, which are within the method acceptance criteria
of the CAS laboratory: 71-123% and 73-132%, respectively.

The data were background-corrected (BC) by subtracting the ambient air contribution to the
sample:

BC Analyte, = Sample ,,,,,, ( pg/m’ ) — Ambient L. (pg/m?)

2.4.3 Semi-Volatile Compounds

2.4.3.1 Sampling Method

Semi-volatile organics were sampled via USEPA Method TO-13A (USEPA 1999b) using a
PUF/XAD-2 resin/PUF sorbent. The target analytes were the 16 EPA prioritized polyaromatic
hydrocarbons (PAHs), nitrobenzene, and nitrotoluenes. The pre-cleaned XAD-2 resin sorbent
was further cleaned at USEPA by solvent extraction with dichloromethane and drying with nitro-
gen to minimize contamination of the sorbent with the target analytes. This sorbent was delivered
to the test site already mounted in the glass cartridge and was then inserted behind the fan. The
sorbent was prepared for sampling by removing it from its shipping container, removing the
aluminum foil wrapping, and inserting it in a cartridge holder mounted on a Windjammer brush-
less direct current (BLDC) blower (AMETEK). Semi-volatile sampling was performed using a
BLDC low voltage blower for a nominal sampling rate of 0.65 m’/min. The blower was con-
trolled by the CEM COj trigger circuit or started from the ground via wireless control. Flow rate
was measured by the pressure differential across a calibrated venturi. The venturi is a carefully
calculated and constructed constrictor made and calibrated at the USEPA shop and Metrology
Laboratory, respectively. As used here, it was mounted on the outlet of the BLDC semi-volatile
sampler. A venturi has the property that fluid pressure through a constricted section of pipe is re-
duced. The fluid velocity must increase through the constriction to satisfy the equation of conti-
nuity, while its pressure must decrease due to conservation of energy. As such, a measurement of
AP between the venturi’s inlet and constricted diameter body was used to calculate flow rate. In
practice, a calibration curve was developed from AP and actual flow measurements. The voltage
equivalent to this pressure differential was recorded by the data acquisition system. The USEPA
Metrology Laboratory performed these measurements using the venturi’s matched transducer and
data acquisition computer with a Roots meter. Following sampling, the glass cartridge (sorbent)
was removed from the Flyer, wrapped in clean aluminum foil in order to seal the ends, returned
to its shipping container, labeled, and stored at 4°C until delivered to the laboratory.

2.4.3.2 Analytical Method

The semi-volatile PUF/XAD-2 resin/PUF samples were prepared for analysis by solvent extrac-
tion with dichloromethane and then concentration by solvent evaporation. An internal standard,
d8-naphthalene and other standards, were added to the sorbent before the sample was collected
(Table 2-3). A deuterated recovery standard, D10-pyrene, was added before mass analysis. The
internal standard recoveries were measured relative to the recovery standard and are a measure of
the sampling train collection efficiency. Samples were analyzed utilizing full-scan mode. All in-
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ternal standard recoveries were between 46 and 132% (D8-Naphthalene was between 50 and
85%).

Table 2-3. PAH surrogates, composition and purpese.

Spiking Solution Analytes Special Notes

PAHs - Internal D8-Naphthalene, D10-Acenaphthene, Added to sorbent prior to
D10-Phenanthrene, D12-Chrysene, . L

Standards : shipment to ficld
D12-Perylene

Recovery D10-Pyrene Added before mass analysis

Trip and field blanks were collected and analyzed. The trip blank was taken from the laboratory
to the test site and returned to the laboratory unopened. The field blank was used for sampling
ambient air to determine background concentrations. Both samples were analyzed for levels of
target analytes and used to calculate the emission factor. The data were background-corrected
(BC) according to:

(ng/sandwich)

Ambient air ..., (ng/sandwich)-Trip blank ..

Ambient air Analyte, (ng/m’ ) = 7
Ambient air Sampling volume (m™)

Sample 4, ... (hg/sandwich)-Trip blank ., (ng/sandwich)
BC Analyte, = P iy (18 P rebte ?g — Ambient air ,,,1.,,. (ng/m’)
Sample Sampling volume volume (m”) '

2.4.4 Particulate Matter and Metals

2.4.4.1 Sampling Method

PM, 5 and PM;o were sampled simultaneously using two size selective impactors (SKC, USA)
with 47 mm tared Teflon filters (2 um pore size) each with a SKC Leland Legacy sample pump
with a constant airflow of 10 L/min. The internal flow sensor measured flow directly and acted
as a secondary standard to constantly maintain the set flow. The volume display was continually
updated, based on corrected flow rate multiplied by sampling time. The pump operation was con-
trolled by the CEM CO; trigger circuit or wireless-started from the ground. The SKC Leland
Legacy Sample pump was calibrated during the sampling campaign with a Gilibrator Air Flow
Calibration System (Sensidyne LP, USA), which is a primary standard airflow calibrator.

2.4.4.2 Analytical Method

The filters were obtained from a commercial laboratory (CHESTER LabNet) that could provide
tared filters and analyze for target metal analytes at low limits of detection. PM was measured
gravimetrically as the difference between final and tare masses for each filter. The weighing of
the filters followed the procedures described in (40 CFR Part 50, 1987). Calibration for deter-
mining mass of conditioned media was performed as described in Quality Assurance Guidance
Document 2.12 (USEPA, 1998). The PM collected on Teflon filters was also used to determine
concentrations of target metals: Pb, Ba, Al, K, Fe, and Mo. The metal analysis was determined
by inductively coupled plasma according to USEPA Compendium Method 10-3 .4 (USEPA,
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1999¢). An internal spiking mixture of the target compounds was added to the Chester control
sample. All surrogate standard recoveries were 83-111% which was within the method ac-
ceptance criteria (80-120%). Ash from M31A1E1, M26, and SPCF was collected and analyzed

for the target metals.

2.4.5 Continuous PM2.5

During some M31A1E1 and SPCF propellant burns, the PM; 5 concentration of the plume was
continuously determined by a DustTrak 8520 on the aerostat. This instrument measures light
scattering by aerosols as they intercept a laser diode. The aerosol concentration range for the
DustTrak was 0.001-100 mg/m’ with a resolution of +0.1% of reading, at a wind speed of 0-22.5
mph (0-10 m/s). Sampling time was set to every second at a flow rate of 1.7 L/min. The addition
of the DustTrak was opportunistic due to a loan of the instrument and was not part of the original
measurement plan.

2.4.6 Perchlorate, Chlorate, and HCI

2.4.6.1 Sampling Method

Perchlorate (C104-) and chlorate (ClOs-) were sampled using a modified method from (Lamm et
al., 1999). The method consisted of sampling at a flow rate of 4 L/min through a 37 mm diameter
mixed cellulose ester (MCE) filter (0.8 um pore size) enclosed in a closed-face cassette (SKC
Corporation). Perchlorate, chlorate, and chloride salts were captured as a solid on the filter,
which assumes no perchloric acid formation. HCl was sampled in parallel by two different meth-
ods, as shown in Figure 2-5:

1. Alkali-impregnated filter according to ISO Method 21438-2 (International Standard,
2009).

2. Silica gel collection according to NIOSH Method 7903 (U.S. NIOSH 1994).

Methods for sampling HCI are primarily derived from those intended for sampling inhalable HCI
to relate to exposure risk. Silica gel collection methods may undersample HCI mist, as particle
size collection characteristics on the silica gel sorbent tube do not match the inhalable convention
(Howe, et al 20006). Although there are unanswered questions about the relevance of these
methods for the inhalable particle/droplet size (Howe, et al 2006), we were interested in efficient
capture and quantification. HCl was sampled in parallel using alkali-impregnated filters follow-
ing the perchlorate filter and silica gel tubes (Lindsay et al. 1999). HCI gas is expected to pass
through the perchlorate/chloride salt filter and be adsorbed by a second, quartz filter coated with
Na,COj3. These coated filters are available in a cartridge from SKC Corporation. Any hydrochlo-
ric acid transiently collected on the initial filter is expected to rapidly evaporate and be collected
along with the gaseous HCI (Howe, et al 2006). This method, including a prefilter followed by a
Na,COs-impregnated quartz filter, is consistent with a method from France (Institut National de
Recherche et de Sécurité 2002) as cited in (Howe, et al 2006), which became a European stand-
ard method 2009 (International Standard 2009).
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Method 1 l Inlet Method 2 silica Filter

MCE filter COjimpregnated

S MCE filter

CO; impregnated
-~ MCE filter l Outlet

l Outlet

Figure 2-5. Sampling apparati for HCl, perchlorate, chlorate, and chloride salts. Filter method 1 (ISO 21438-
2) followed by an additional CO; filter at the left, and silica gel method 2 (NIOSH 7903) followed by a
CO; filter at the right.

2.4.6.2 Analytical Method

Cassette samples and the pre-filter in the silica tube were dissolved/extracted in water, an internal
standard added, and the solution analyzed for perchlorate with LCMS and chloride with ion
chromatography as per USEPA Method 6850 (USEPA 2007). Samples were analyzed at Colum-
bia Analytical Services (CAS, NY). The perchlorate prefilter and Na,COjs filter both were ana-
lyzed for target analytes prior to sampling at Tooele in order to establish their potential contami-
nation levels. Ambient air background levels were determined for perchlorate, chloride, and HCI.
The chloride concentration on the MCE CO; filter and the silica were multiplied by a factor of
1.0284 in order to convert from anion (CI') to acid concentration (HCI) (International Standard,
2009).

2.4.7 Sampling Time

The sampling time for the semi-volatile sorbent, PM;¢ and PM; s filter, HCI, and perchlorate fil-
ter/silica were all initiated with the same trigger circuit. The durations, therefore, were identical
and the cessation of sampling was based upon the CO, concentration falling back below the trig-
ger level since this lowering of the CO, concentrations indicate the passage of the plume. The
sampling duration was different for the Summa canister since it was initiated with a separate CO,
trigger concentration. A higher CO; trigger was used for the Summa canister to insure that sam-
ple was gathered near the peak concentration of the plume. When the canister filled to approxi-
mately 80%, it would cease to collect sample.

2.4.8 Calculation of Emission Factors

Values of CO; concentration from the CEM and Summa canisters were used to calculate a co-
sampled carbon concentration, permitting conversion of analyte concentrations to emission fac-
tors by the carbon mass balance method. In this method, the ratio of the sampled target analyte
concentration to the total sampled carbon (represented by COy) is related back to the initial ord-
nance weight through knowledge of the carbon concentration/carbon fraction in the original ord-
nance and the assumption of 100% oxidation of the carbon. In all emission factors, the back-
ground concentration of the target analyte, determined from Flyer-based instruments and ground-
based upwind instruments, is subtracted from the measured amount.
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Emission factors were calculated according to (AP-42 2009):

Analyte..
EF, = f xﬁ

=1, where:

by
EF; = Emission Factor for target analyte 1 (Ib/lb NEW).

/o = mass fraction of carbon in the ordnance.

Analyte; = background-corrected concentration (Ib analytey/ft’) of the target
analyte 1 collected from the volume element j of the plume.

C; = background-corrected concentration of carbon (Ib C/ft’) collected from
volume element j of the plume (carbon calculated from CO; from either the
CEM or the Summa canister).

Likewise, environmental fate factors (16), which yield the fraction of conserved
species present in the emissions compared to that present in the ordnance were
calculated:

Analyte,
EFF, =L 7Cy i

! ] where:
EFF; = Environmental Fate Factor for target analyte i (emissions analyte / in
Ib/1b 7 in ordnance).

. = mass fraction of carbon in the ordnance.

Jf; = mass fraction of analyte 7 in the ordnance

Analyte; = background-corrected concentration (Ib analytey/ft’) of the target
analyte 1 collected from the volume element j of the plume.

C, = background-corrected concentration of carbon (Ib C/ft) collected from
volume element j of the plume (carbon calculated from CO; from either the
CEM or the Summa canister).
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3. Results and Discussion
The Flyer successfully sampled emissions from 94% of the 139 open burns of propellant and
92% of the 12 static fires (Figure 3-1), as determined by the number of times that the CO; con-
centration exceeded the ambient air CO, concentration. Each measured exceedances of the ambi-
ent CO; concentrations was referred to as a “hit.” “Misses” were due to unanticipated plume
paths, primarily due to wind shifts. The average in-plume sampling time was approximately 22
seconds for OBs and 7 seconds for the static fires (Table 3-1). The OB hits are slightly higher
than in 2010 while the ACO; values are similar (Table 3-1). The total number of samples collect-
ed for each propellant is shown in Appendix D.

Table 3-1. Sampling summary.

M31A1E1 w26 spck PSP %"&‘Zrm’“k“ (21;4110)
No. of burns 41 52 46 12 60
No. of hits 40 17 43 1 51
Hits (%) 98 90 93 92 85
ﬁ:n‘i {’sl)“me sampling 24 19 23 7 18
ACO, (ppm) 494 505 121 104 463

Figure 3-1. Open burns of A) M31A1KE1, B) M26, C) SPCF, and D) static fire of Sparrow rocket motor

S
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3.1 Carbon Dioxide and Carbon Monoxide

The highest in-plume CO; concentrations obtained for each of the studied propellants are shown
in Figure 3-2. No CO was detected using the semi-continuous electrochemical cell for any of the
propellants. This was likely due to the short sampling time in each plume, the minimal CO con-
centration present, and the long response time required for the cell (~90 seconds) relative to the
duration of the sampler in the plume.

_. 6250 - _. 6250 -
E M31A1E1 —C02 (ppm) 3 M26 ~~CO2 {ppm)
2 5250 - B 5250 e
§ 4250 - § 4250
B B
£ 3250 - £ 3250 A
@
g 2250 A e e e f e B § 2250
] o
o
& 1250 - & 1250
w (%)
250 7 ; T T 7 250 T T i T
15:55:00 15:55:17 15:55:33 15:55:50 15:56:06 15:56:23 15:23:21 15:23:36 15:23:51 15:24:06 15:24:21
Local Time Local Time
. 3250 - .. 850 - o
3 SPCF ——C02 (ppm} £ Static Fire, AP X ~~C02 (ppm)
§ 2250 & 650 -
% ®
£ 1750 - g 550
@ @
E 1250 g 450 4
g 8 .
& 750 s 350 -
o H (=]
250 + ; - , : ; 250 T . . . .
11:34:44 11:34:59 11:35:14 11:35:29 11:35:44 9:56:33 9:56:43 9:56:53 9:57:03
Title Title

Figure 3-2. In-plume CO, concentration traces (uncorrected for ambient) for each of the propellants.

3.2 Summa Canister Sampling for Volatile Compounds, Carbon Dioxide, and Carbon
Monoxide

The short plume residence times for the Flyer meant that multiple plume samples were necessary
in order to fill the Summa canister with a composite sample. The improved Summa canister
sampling valve (from that used in 2010) worked well as shown by Figure 3-3, i.e. the valve
turned on and off at the set CO, trigger level and no leaks occurred between openings. The aver-
age delta CO, concentrations as well as VOC emission factors are shown in Table 3-2. In general
good agreement 1s noted for VOC values with 2011 and 2010 reported levels. However, none of
the three Summa canister samples of the SPCF had detectable levels of benzene (detection limit
0.56 pg/m’). Agreement for trace organic concentrations between the propellants was quite good,
lending confidence in the methods. No CO was detected in any of the Summa canisters (MRL =
8 ppm), perhaps due to the small sample size. Very low levels of CO would be expected with
complete combustion of the propellants. Benzene and several other compounds from the ambient
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air background samples were below detection limits' in this year’s sampling. A smaller (1 L)
Summa canister was used for WP-2153 than the 6L one used for WP-1672. The smaller sampling
volume may have limited our ability to detect these trace compounds even at high CO, concen-
trations in the plumes. Results for each summa canister collected for each propellant is shown in

Appendix D.
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Figure 3-3. The Summa canister pressure (Dp) decreases when the valve is open at the CO; concentration
above or equal to the 1000 ppm trigger level and the Dp is stable between plumes (no leak).

Table 3-2. VOC sampling results and average emission factors.

AP Sparrow Rocket M1
M31A1E1  M26 SPCF P Motor (2010)
ACO, (ppm) 403 678 427 20 452
STDV (ppm) 195 757 243 NA 537
copypmwy | N N ~ND ~ND NS |
Benzene (Ib/Ib Carbon) LIE05  1.1E-05 ND ND 1.6E-05
I G e iobee dimes T lemee
e o eom o
 Xylene (Ib/b Carbon) | 13E-04  25B-05 4.1B-05  LIE-04  38E-07
:;ii’(?:)’m“hylbe“““e b/ 34E-05  14E-05 43E-05 5 6E-05 NS

* ND — Not detected, ND values were ignored when calculating the emission factor. NA — Not applicable. NS — Not
sampled. (NOTE — Changed ethylbenzene SPCF value should be 8. 7E-06 based on Table D8)

3.3 Semi-Volatile Compounds

SVOC results are shown in Table 3-3. Due to the short sampling duration of each burn, multiple
events were used to create single, composite samples for semi-volatiles (PUF/XAD-2 res-
in/PUF). These single samples were obtained by reusing the same sorbent media during multiple

! Detection limit — the minimum concentration at which an analyte can be detected above the instrament’s back-

ground noise
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sequential events. Two semi-volatile composite samples were collected from each propellant for
OB and one from static fire. The ambient air concentrations were at the same level as last year
and the plume concentrations were at least five times higher than the ambient air concentrations.
Results for each SVOC sample collected for each propellant are shown in Appendix D.

Table 3-3. PAH Emission Factors in Ib/lb Carbon*.

AP Sparrow M1
M3IAIEL M26 SPCF Rocke? Motor (WP-1672)

Compound b/Ib b/Ib b/Ib

Ib/lb Carbon Carbon Carbon Ib/lb Carbon Carbon
Nitrobenzene 4.0E-06 1.4E-07 ND ND NS
Nitrotoluenes 2.1E-07 ND ND ND NS

Naphthalene 6.7E-06 1.2E-07 1.0E-07 8.4E-07 2.8E-07

Acenaphthylene 2.1E-07 2.9E-08 2.1E-08 5.3E-08 3.2E-08
Acenaphthene 1.2E-07 8.5E-08 9.3E-09 ND ND

Fluorene 59E-07 3.3E-08 3.1E-08 1.6E-07 2.5E-08
Phenanthrene 6.1E-07 6.2E-08 1.0E-07 5.5E-07 ND
Anthracenc 4.8E-08 3.8E-09 7.4E-09 5.7E-08 ND
Fluoranthene 8.2E-08 1.7E-08 2.0E-08 1.9E-07 ND
Pyrene 6.4E-08 1.2E-08 1.6E-08 ND ND
Benzo(a)anthracene ND ND ND ND ND
Chrysene ND ND 9.3E-09 ND ND
Benzo(b)fluoranthene ND ND ND ND ND
Benzo(k)fluoranthene ND ND ND ND ND
Benzo(a)pyrene ND ND ND ND ND
Indeno(1,2,3-cd)pyrene ND ND ND ND ND
Dibenz(a,hyanthracene ND ND ND ND ND
Benzo(ghi)perylene ND ND ND ND ND

* ND — not detectable. The number of values that derived each EF is shown in Appendix D.

3.4 Particulate Matter and Metals

Multiple burn events were used to create a single composite PM o and PM; 5 sample. Two PMj,
and PM; s filter samples were collected for each propellant, with the exception of M31A1E]
(three filters) and AP (a single filter, only PMj). The propellant emission factors for PM; and
PM, s were very similar (a maximum factor of 4) as were the coefficients of variance and relative
percent difference as shown in Table 3-4. This suggests that the majority of the mass was less
than 2.5 pm in size (PM,;, mass includes PM; 5) and also shows the reproducibility of the method
and the similarity between propellants. The PM;, emission factor for the propellants studied this
year was similar to last year’s propellant (M1), Figure 3-4, suggesting relative consistency be-
tween propellants undergoing OB. The Sparrow rocket motor (AP propellant) had the highest
PM, emission factor.
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The metal emission factors are shown in Table 3-5. About 80% of the Pb in SPCF was account-
ed for by the PM,o plume sample and, since the values for PM,o were virtually the same as
PM, 5, virtually all of the captured Pb was in the fine PM fraction. The same conclusion can be
drawn for Ba in M26. For the Sparrow rockets, the Al environmental fate factor shows that only
16% of it was accounted for by the PM;o plume sample (literature BangBox® data show this
value to be only 5.5%) (AP-42 2009). This may suggest that either particles larger than PM
were formed or that the PM segregated from the CO; in the plume prior to reaching the sampler.
In either case, these particles would not have been collected by the PM;, sampler. Results for
each PM sample collected for each propellant are shown in Appendix D.

Table 3-4. Emission factors for PM,, and PM, ; in Ib/Ib NEW.*

M3IAIEL w26 spcF AP Spa&g:erOCket (212)/[]10)
PM, 4.0E-03 1.1E-02 14E-02 1.5E-01 57E-03
CV/RPD 12 2 5
PMZS ............... i
CV/RPD 11 11 1
Table 3-5. Emission factors for metals in Ib/lb metal*®
AP Sparrow Rocket M1
M3IAIEl  M26 SPCF P Motor 2010)
K (PM;p) 0.16 0.67 0.53 NS NA
CVRPD
K (PM,5) 0.15 0.67 0.53 NS NS
LCVRPD ) A T
Ba (PM; ) NA 0.67 NA NA NA
B e e e
Ba (PM.s) NA 0.64 NA NS NS
RPD 1
Pb (PMi,) NA NA 80 NA 0.55
Pb (PM, 5) NA NA 0.78 NS NS
R e e 3 e e e
Al (PM;0) NA NA NA 0.16 NA
Fe (PM;0) NA NA NA 1.19 NA
X Mo(PMlO) N

* CV — coefficient of variance (only M31A1E1), RPD - relative percent difference (all others), NS = not sampled.
NA — Not analyzed. The number of values that derived each EF is shown in Appendix D.
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Figure 3-4. PM; 5 and PM,, emission factors for the different propellants. Error bars denoted 1 STDV for
M31A1E1 and relative difference for M26 and SPCF.

Depending on the propellant, about one third to virtually all of the K in the propellants are ac-
counted for in the emission measurements. K also shows up in the Sparrow rocket samples de-
spite the lack of K present in the propellant. This may be due to the general ubiquitousness of K
in the environment.

While care was taken to sweep out the pans between propellants burns, the propellant residue
(ash) was analyzed in order to establish any possible carryover of metals between propellants
(Table 3-6). While K was present in all three propellants, its concentration in the ash does not
increase throughout the testing (the propellants were tested in the order shown) indicating little
propellant to propellant contamination. Some Ba carryover into SPCF from M26 seems to have
occurred although the testing order was not specifically designed to evaluate carryover effects. In
the future, this issue should be examined in more detail for OB.

Table 3-6. Metal content in propellant ash and percentage of metal in propellant.

M31A1E1 M26 SPCF
Ash Propellant Ash Propellant Ash Propellant
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
K 96900 0.56 43800 0.27 84100 045
Ba 6.8 NA 112000 0.39 13500 NA
Pb 151 NA 2790 NA 155000 0.78
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3.5 Continuous PM,

While not part of the original test plan, opportunistic continuous PM; s was measured for SPCF
and M31A1E1 propellants. As shown in Figure 3-5 for SPCF, the CO; and PM; s traces followed
each other suggesting consistency in the PM; 5 to CO; ratio. For some of the M31A1E1 burns,
the combustion was poor at the start which resulted in a white, smoky plume. This initial smoky
plume contained a much higher concentration of PMj; 5 than the subsequent plume which was
almost visually indiscernible. There is no clear reason for this difference. These two portions of
the same plume are shown graphically and pictorially in Figure 3-6.
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Figure 3-5. Continuous PM, 5 and CQ, trace for SPCF propellant,
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Figure 3-7 plots the simultaneous continuous PM; s and CO; concentration for one test of SPCF.
The strong correlation suggests minimal variation between PM; s and CO, throughout the plume;
the PM and gas distribute rather consistently on average. The continuous PM; s method com-
pared reasonably well with the batch PM; s values. The 7-plume SPCF PM,; s value from the
DustTSrak was 5.0 mg/m’, whereas the average of the M31A1E1 39-plume PM, s values was 12
mg/m’.
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Figure 3-7. Continuous PM, s and CO, concentration for one test of SPCF

3.6 HCI and Perchlorate

Two composite Cl samples were collected simultaneously from static firing of twelve Sparrow
rocket motors containing AP propellant. The limited number of AP tests was due to the unavaila-
bility of propellant for pan burning. The Sparrow rocket motor firing was opportunistic at the
nearby Production Range. Two Cl samples were analyzed, one for each of the two modified
sampling methods (Figure 2-5):

1. Alkali-impregnated filter according to ISO Method 21438-2 (International Standard,
2009).

2. Silica gel collection according to NIOSH Method 7903 (U.S. NIOSH 1994).

For both of these methods, the last COs; filter in series had concentrations that were close to the
MRL, which suggests that no breakthrough of chlorides occurred. The chloride concentration on
the two first filters for method 1 and the silica gel for method 2 was ~10 times higher than the
MRL. No perchlorate concentration was detected, however, chlorate was detected but it was very
close to its MRL. Low levels of these emissions are expected with complete combustion of the
propellants. HCl and chlorate ambient air concentrations were very low and close to the MRL
even though the sampling time was 1-2 hours. The plume sample was only collected for 1 minute
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but the HCl and chlorate plume concentrations were 1000 and 10 times higher than the ambient
air concentrations, respectively.

Table 3-7 compares the HCI, perchlorate, and chlorate concentrations measured by the two sam-
pling methods and Table 3-8 compares the EFs. The HCI concentrations in the plumes and re-
sulting emission factors were very similar even though two different methods were used. Inter-
estingly, only 15 to 19% of the propellant Cl was collected as HCI (Table 3-8). When the PM-
bound chloride is added, the Cl environmental fate factor suggests that less than half of the Cl
ends up in the plume. This is contrary to BangBox® data where over 90% of the Cl was detected
as HCl. However, the BangBox® and static fire situations are very different fuel configurations
and are probably not a good comparison. This is also the first time HCl was ever successfully
sampled from a static fire (previous attempts by others failed to detect any HCl) and then only
from a single static firing series. The limited Al recovery (16%) and CI recovery suggest that the
fate of these emission products need additional study.

Table 3-7. HCI, particulate chlorides, perchlorate, and chlorate concentrations from AP.*

Sampling method Clllalgr?iiflsla{er:gm HCl HCl Perchlorate, C10, Chlorate,
(mg/m’) (mg/m*)  (ppm) (mg/m’) ClO5 (mg/m’)
Filter, ISO 21438-2 42 21 13 ND 0.0003
Silica, NIOSH 7903 ND 26 16 ND ND
MRL 3.5 2 0.0005 0.0005

* ND — Not detected. MRL — Mecthod reporting limit.

Table 3-8. HCI, perchlorate, and chlorate emission factors from AP.*

Sampling method HCl Perchlorate, C10,”  Chlorate, C105
Filter, ISO 21438-2 (Ib/Ib NEW) 0.034 ND 4.6E-06
Filter, ISO 21438-2 (Ib/Ib C1) 0.15 ND 2.0E-06
Filter, ISO 21438-2 (Ib/Ib C)” 0.32 ND 4.9E-06
Silica, NIOSH 7903 (Ib/lb NEW) 0.043 ND ND
Silica, NIOSH 7903 (Ib/Ib Cl) 0.19 ND ND
Silica, NIOSH 7903 (Ib/lb C) 0.41 ND ND

* ND — Not detected. "Values included for reference to the carbon balance method.
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3.7 Emission Factors versus Literature Values

Table 3-9 compares this work’s PM g, benzene, naphthalene, Pb, and HCI] emission factors with
those from the literature. The PM, data for each propellant type are within a factor of 2 or 3, ex-
cept for the M31A1E1 for which the literature value is 200 times higher than the Flyer value.
This difference could depend on the burn behavior of M31A1E1 as shown in Section 3.5. The Pb
environmental fate factors derived from this year’s study (SPCF) and last year’s study (M1) were
also very similar (factor of 2).

Table 3-9. Emission factor comparison; derived emission factor (“Flyer Open Test Range”) versus published
emission factor (Literature Bang Box and Open Test Range) (AP-42 2609)

Propellant ~ Propellant  Data  Test PM;, Benzene  Naphthalene Pb EFF  HCIEFF
type source  type  (b/lb NEW)  (Ib/Ib C) (Ib/Ib C) (Ib/Ib) (Ib/Ib)
Single base SPCF Flyer OTR 1.4E-02 ND 1.0E-07 8.0E-01 NS
M1 Flyer ~OTR 5.7E-03 1.6E-05 2.8E-07 5.5E-01 NS
M1 Lit. ~ OTR 6.9E-03 1.4E-05 6.3E-08 BDL NS
Double base M26 Flyer OTR 1.1E-02 1.1E-05 1.2E-07 NS NS
M9 Lit. BB 1.6E-02 1.2E-05 BDL NS NS
%‘;‘S‘:lz' Lit. BB 1.9E-02 BDL BDL 6.3E-01 NS
Triplebase ~ M31AI1E1  Flyer OTR 4.0E-03 1.1E-05 6.7E-06 NS NS
M31AIE1 Lit. BB 9.1E-01 BDL BDL NS NS
AP based Sparrow
composite rocket Flyer OTR 1.2E-01 ND 8.4E-07 NS 1.7E-01
motor
AlAP Lit. BB 42E-01 BDL BDL NS 9 4E-01

* OTR - open test range. BB — BangBox®. ND — Not detected. NS - not sampled. BDL - below detection limit.
EFF — Environmental Fate Factor.

3.8 Open Detonation Trials

Initial trials of soil-covered OD without measurements were undertaken in order to understand
the sampling challenges for future work. The soil-covered tests detonated either two or four anti-
tank mines to understand the shrapnel fragmentation, soil debris, and pressure wave impacts on
the aerostat. The two mine detonations used 50 Ibs NEW and the four mine detonations used 100
Ibs NEW. An ad hoc blast shield consisting of two or more 4 ft x 8 ft oriented strand boards and
multiple sand-bag-laden pallets was placed 60 ft from the covered detonations (Figure 3-8). The
blast shield separated the line of sight between the detonation and a 30 ft x 30 ft plastic tarp an-
chored to the ground 180 ft from the detonation site. The tarp served as the location marker for
the aerostat that would be anchored to the ground before being released to the plume after deto-
nation. The ad hoc blast shield protected the tarp from direct hits but debris falling in an arc, in-
cluding stones and several pieces of hot shrapnel, hit the tarp. The indirect stones are likely in-
consequential but the shrapnel was hot enough to melt through the plastic. A special fabric has
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been identified which will likely serve as a tent or shroud to protect the aerostat on occasions
when the aerostat is released after detonations.

Figure 3-8. Covered detonation crater from a 50 Ib NEW anti-tank mine detonation, ad hoc blast shield, and
shrapnel/debris tarp (background, left, on ground).

3.9 Additional Methods Development

Testing of AP-based propellants in burn pans was precluded by the inability to obtain the propel-
lant in time for testing. In lieu of that, opportunistic sampling was conducted at the Production
Range for the static fire of AP-containing Sparrow rocket motors. This field sampling using the
filter and silica gel methods was apparently successful, but only a single series of rocket motor
firings were sampled (results are reported above). Further, the potential for breakthrough of the
analytes could not be assessed. Additional laboratory work was identified to allow methods de-
velopment with parallel samplers, control of flow rates, sample size, and simultaneous methods
evaluation. Work on HCI testing will be done in 2011 at the USEPA facilities at Research Trian-
gle Park and small charge (5-25 g) AP burns will be done at the U.S. Navy’s Naval Surface War-
fare Center in Indian Head, Maryland. This work is only for method development and is intended
to provide a source of the target analytes but is not meant to simulate the actual field combustion
process. Additional field work with static firing of AP-containing propellants seems necessary to
clarify the very low Cl and Al balance.
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4. Conclusions
Overall, the study was successful in determining the feasibility of the deployed measurement
systems. The field campaign and its data analysis results clearly indicated that many of the de-
ployed systems can become powerful tools to characterize air emissions from field OB opera-
tions.

Emissions were successfully collected from OB in pans of three propellant types (M31A1E1,
M26, and SPCF) and static firing of Sparrow rocket motors containing AP. The sampling method
consisted of positioning an aerostat-lofted instrument and sampling apparatus into the burn
plume. The Flyer sampling package included measurements of CO, and CO, co-sampled PM ;o
and PM; s, metals, HCI, perchlorate, chlorate, volatile organic compounds, and semi-volatile or-
ganic compounds, allowing determination of emission factors based on the propellant weight.
The Flyer successfully sampled emissions from 94% of the 139 open burns of propellant and
92% of the twelve static fire events. The resulting emission factors for PM;¢ and PM; s from OB
were very close for each propellant suggesting that PM generated from OB is mostly fine partic-
ulate matter (PMys). The PM;o and PM; s emission factors were also similar to each other for the
single, double, and triple base propellants, whereas the PM o emission factor from the static fire
of rocket motors (AP propellant) was about 10-fold higher than propellant OB in pans. The de-
rived emission factors of Pb and Ba from SPCF and M26, respectively, were in the same range as
the Pb emission factor from the WP-1672 study of M1 propellant. Methods based on indoor air
and personal samplers were employed to measure Cl species with two different sampling meth-
ods; results from both methods were similar. Preliminary results suggest that the methods are
working. While HCI was successfully sampled for the first time from a static fire, the Cl recov-
ery did not agree with BangBox® values, likely due to propellant differences. Chlorate was also
detected but was very close to the method reporting limit. No perchlorate and CO were detected
for any of the propellants. Only a very limited number of static fire events were sampled and ad-
ditional work is necessary to close material balances for Cl and Al. Lastly, trial detonation tests
identified the potential safety issues and strategies for air characterization from soil-covered det-
onations.

All test plans and reports have been provided to the Joint Ordnance Commanders Group Demil
Subgroup Chairman for appropriate coordination within DoD and EPA as dictated in the Open
Burning Open Detonation Emissions Factor Protocol (Joint Conventional Ammunition Policy
and Procedure #7). Data obtained from this study will greatly assist DoD in performing health
risk assessments and obtaining permits for their OB/OD operations.

28

ED_001691B_00010780



5. References
40 CFR Part 50, Appendix J. 1987. “Reference Method for the Determination of Particulate Matter as PM10 in the
Atmosphere.” 52 FR 24664, July 1, 1987; 52 FR 29467, 7 August 1987.

AP-42. 2009. Draft Chapter 16 “Emission Factors for Demilitarization Processes: Open Burning and Open Air
Detonation.”

Cramer, R. J. 2009. The Joint Ordnance Commanders Group Environmental Subgroup. November 2009,

Howe, A. M., Bradley, S. D, Keen, C., Cottrell, S. J. and Sandys, V. E. 2006. "Measurement of HCl in Workplace
Air". Final report on JS2002837, HSL/2006/40, Harper Hill, Buxton, Derbyshire, UK.

Institut National de Recherche et de Sécurité. 2002. " Anions Minéraux Fiche Métropol 009", Vandocuvre, France.
http://www.inrs. fr/metropol (Accessed May 26, 2011).

International Standard ISO 21438-2:2009. 2009. "Workplace atmospheres — Determination of Inorganic Acids by
Ton Chromatography — Part 2: Volatile acids, except hydrofluoric acid (hydrochloric acid, hydrobromic
acid and nitric acid)".

Kim, B.J. et al., 2010. “Feasibility of New Technology to Comprehensively Characterize Air Emissions from Full
Scale Open Burning and Open Detonation”, SERDP final report for WP-1672,
(bttp://www.serdp.org/content/download/9560/122378/file/WP-1672-FR pdf) .

Lamm, S. H., Braverman, L. E., Li, F. X, Richman, K, Pino, S. and Howearth, G. 1999. Thyroid Health Status of
Ammonium Perchlorate Workers: a Cross-sectional Occupational Health Study. Journal of Occupational &
Environmental Medicine 41 (4), 248-260, 1999.

Lindsay, M. L., R. McMorris, E. E. Baroody, J. W. Watkins, T. Olsen. Final report—use of blimps to collect in-situ
reaction products from detonation plumes. CH2MHill, Salt Lake City, UT.

Mitchell W. J. and J. C. Suggs. 1998 Emission Factors for the Disposal of Energetic Materials by Open Burning and
Open Detonation (OB/OD). EPA Report - EPA/600/R-98/103, August 1998. 130p.

Ornellas, D L. 1982. Calorimetric Determination of the Heat and Products of Detonation for Fxplosives; October
1961 to April 1982. Lawrence Livermore Laboratory Publication No. UCRL-52821, University of
California, Livermore, CA 94550, April, 1982.

U.S. Army, AMCCOM. 1992a. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Burning and Open Detonation Thermal Treatment Methods - Bang Box Test Series,
Volume 1, Test Summary., Rock Island, IL 61299-6000, January 1992.

U.S. Army, AMCCOM. 1992b. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Burning and Open Detonation Thermal Treatment Methods - Bang Box Test Series,
Volume 2, Test Development. U.S. Army, AMCCOM, Rock Island, IL 61299-6000, January 1992.

U.S. Army, AMCCOM. 1992¢. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Burning and Open Detonation Thermal Treatment Methods - Bang Box Test Series,

Volume 3, Quality Control and Quality Assurance. U.S. Army, AMCCOM, Rock Island, IL 61299-6000,
January 1992.

29

ED_001691B_00010780



U.S. Army, AMCCOM. 1992d. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Buming and Open Detonation Thermal Treatment Methods - Field Test Series A, B
and C, Volume 1, Test Summary. U.S. Army, AMCCOM, Rock Island, IL 61299-6000, Jannary 1992,

U.S. Army, AMCCOM. 1992¢. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Buming and Open Detonation Thermal Treatment Methods - Field Test Series A, B
and C, Volume II, Part A, Quality Assurance and Quality Control. U.S. Army, AMCCOM, Rock Island, IL
61299-6000, January 1992,

U.S. Army, AMCCOM. 1992f. Development of Methodology and Techniques for Identifying and Quantifying
Products from Open Burning and Open Detonation Thermal Treatment Methods - Field Test Series A, B
and C, Volume 11, Part B, Quality Assurance and Quality Control Appendices. U.S. Army, AMCCOM,
Rock Island, 1L 61299-6000, January 1992.

U.S. NIOSH Mcethod 7903, 1994, "Acids, inorganic ". http://www.cdc.gov/niosh/mmam/ (Accessed May 26, 2011).
USEPA 1996. EPA Method 25C. “Determination of Nonmethane Organic Compounds (NMOC) in Landfill Gases.”

USEPA 1998. EPA Quality Assurance Guidance Document 2.12. “Monitoring PM2.5 in Ambient Air Using
Designated Reference or Class I Equivalent Methods.”

USEPA 1999a. EPA Compendium Method TO-15. “Determination of Volatile Organic Compounds (VOCs) in Air
Collected in Specially-Prepared Canisters and Analyzed by Gas Chromatography/Mass Spectrometry
(GC/MS).” 2d ed.

USEPA 1999b. EPA Compendium Mcthod TO-13A. “Determination of Polycyclic Aromatic Hydrocarbons (PAHs)
in Ambient Air Using Gas Chromatographic/Mass Spectrometry (GC/MS).” Second Edition. 1999,

USEPA 1999c. EPA Compendium Method 10-3.3. “Determination of Metals in Ambient Particulate Matter Using
X-Ray Fluorescence (XRF) Spectroscopy.”

USEPA 2007. Method 6850. "Perchlorate in water, soils and solid wastes using high performance liquid
chromatography/electrospray inonization /mass spectrometry (HPLC/ESI/MS or HPLC/ES/MS/MS)".

USEPA 2008. Method 3A. "Determination of oxygen and carbon dioxide concentrations in emissions from
stationary sources (instrumental analyzer procedure)”.
bitp:/f'www.epa. gov/ttnemcd 1/methods/method3a. tml, U.S. Environmental Protection Agency (Accessed,
Mars 8, 2011).

30

ED_001691B_00010780



Appendix A: USEPA Quality Assurance Project Plan
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1. Project Description and Oidectives

Thiz Quality Assurance Project Plar (QAPP provides guidance o personnsl conducting emission tosting
uncher the U5, Sovironmeanisd Proteddion Agend ok Sssignmised (84 snfilled “Delerminalicyy of
Emission Factors from Open Bumiing and Opes Defonation of Milfary Ordrescs”, Conlract Mumber EP-C-
DR-DET WA Mumber TW52 . Project Number BHNSGETR G052, This work iz funded in part by ap
Eﬁterga.«vammaﬂmi Agpeenyant {18} which provides unding through the Shategic BEavisonmenial Ressarnch

and Developmeant Program {SERDPL

This WA i designed o develop and apply methods for sampling Open BumingiGpen Detonation fOBIGLY
of military ordnance i e fald o chargelerizs gaesous and pariculsie matter (PR emissions for
deferminaiion of emission oo of various target compounds. This praject will vas 3 novel messrsmeand
approgch consiziing of an aseial, balieon-bome instrument developad by EPA {The Flear™

Thiz decumend oovars in Jedsl the b
gualty cordeod ({00} aspects of data oo

sz, edjectives, techinios! approach, 3
fectine and anabysiz

ty assurance {Q8}

1.4 Bachgrownd

ithes, The pomall
rink &5@@&3@%& from aiome exposws
tD p{séiutamt ersprat&«ﬁ fra)m F‘“IB@;) TZ"\,: : ¢ erszion facinrs devel x:;p&d moeiby from 8
Emited numbeer of tesiz on smiall scals OB»‘D{J t?mmhem knwm a5 the "BangBox®, and laroe scale open
rnge detonabon and burn feats. Thars s oordinued need, howeser, B Rarther *:.‘ilﬁ-qéﬁiiﬁﬂ mefhods of sampling
these svanis 1o add o, end suppod, cumrent dals.

1.2 {blectives

Thiz project has two oljectives, both method development and mieasurament of agurce emission fachs.
Theze will be pursusd through dewsicpement and testing of the Flye™ as a map werd and samapde
cotlertion devies with Beld appiication to measuremend of emdssion Tactors from OBIODL

1.2 Method Dewedoponent for the Flysy

irtended 1o suppott sampling, CEM, and date logoing copabilitics
the downwind slume evolving om some burm: of detonstion
foorfiguration. As presored in this figues, B B cordigured

The Fiyer s g ghtweight pialform thet is
E heing ofted by a ethered balioon wil
svant. Figurs 1-1 Slusirates the Fheer in an nitig

A-8
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with batls

oarbeos

PTG, non-disperabs infrared (NDIR) s shicesiche CERS, PO sompding by filter,
polvursthane foam (P 3 s orgarcs, and & deta ogger for L0, Bow, and

temperaiung 4 @z‘.a quus& 12 iliu-zzsbmate* tﬁe Fiyer in operafion, lofied by & elbered balloon. The two all-

122 Megsurement of Emission Fatlors

For the purposes of the plarmmed
dinwide CE umria oavisdey for WOCs

5 project, the Flyer will be configured with 3 carbon
resanPUT sampler fx i 2 O

fitter for particulste mater and metsls determdnation. 3& sl € P‘? wifl b»e mmarited on the Fheer for
menitang B ncation. Ad et { il e wasd o Hringgey”
sampding evenis by apening samplin vas ard indiating sar i of the sedepted target

4 e arviasions fzchors hosed on carbon, Wilh knowiedge of
he ardnancs and e aasumphio . & poduiant Srmission facir
& ordnance can by detersninad.

the o coTmpeaition in
par maas of fhe o

Figure 1-1. Fiyer, Version {
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Page: 3%

Figure 1-2. Lofled Flyer with ATY Positioning
1.3 FProfect Sehedube
123 in-Houss Fhyer Test Desslopment and Target Compound Detection Limis

Trigh rurss will be perfomed gt the ERA (RTF) facility to test the “Flyer” opershiity and determination of the
2k firritn. Tweo profiminary toste ol be performed in RTR fo safisly thess needs
sarmpling Cany These will congiat of & burn hat test in January
1 the Flyer will be suspended and operated in e enclosed bum hut dwring a
ions degt, The pwirmany purpose of this teot i o sxamins the hardheans Rmcticning sush as the
concenraiion-triggered sampling valves. The seoond el will conglsl of an actusl sampling event with the
Flyar lofied in the plume from a fores! fre or sampling smisent sir ndmicking the achusl OBAED fest This

targsd ooy :
o 10 the initotion of the fie
ary sohedule) in el

A-10
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bz

et will sxan aivy hardware mcdficstions resuliing from the burn bl st and collect sempliss that wil
uaed o examine detection Smits. one of hese daln are infended foy publcation.

smbicrd air izvels of brgedt an
ude spdke festing of Summa canistars.

inary teste are hadng dore on sorberd corarnineiion leve
mropased sampliing media, and breakihrough teele. This

128 Fiedd Bleasurmnents

The halioon-tofed Flyar @il be used o colisct daln and samplss during the open B (08} and open
detoration {00 of mitary ordnanes & the Toosle Army Depol, Toosls County, Wiah in Marchof 2810
Figure 1-3 provides a neag of e aea.

Figure -2, Map Locating Tooele Army Depol

Figure 1-%, suppdied by Toodle sy Depol, providss g close-un mrap of the Toe! Rongs which nonsists of
an ooy Taciiby (833705 bunkears, & gravelisand dedonation test range {~3100=50 meler, small gray

A-11
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rectangist

and 3 sonorete DU DR
onis, The Amny dPisE-‘E'm'@‘-‘&ii s&'»g’-erfgi

s, inskle e o

(i tests are wideo mondorsd and recorded from s indoor
rean soid bne beoken by gresn 8 i
wments. The slevaion at the Too

ke § ‘%?S’
b2 insigled for repogd
ol

5 a fence in which fve

e v

ahces 58

i LENENE
. mwmmm
AN BT LA

RN ELECTRE B hg'-\i’\ *Q?w

2% DN BETONATRUS PRIFELLSNT 3l E
St TS N RRLANTE M W £ WL < BN FEET

p WV ETTTRATIMG FOUOFLLANT ALRRE
hd T Bl 90 W B W o= 38 FRY
SPFRADENTING TETEURTERE 1P TG
AR TRELUERE BY R T W~ LEWE FEEY

5 ETETE A

mmw
LR SRR

w HOWRAENTREG DETRWATINGE IR TG AR
T OERAATENL B B W= LBEY FEEF

Figure -4, Tooels Test Facility Map
in crder o predic! instrument lecations for optiron! sampding, meteonslogs

| date such ae wing spead, wing
directon, and eaperaiure will be colisched frors the Sall Lake City National Weather Senvice,

A-12
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Ed ground eved dala oo

mentag& mwﬁerfmmx

wmd spaﬁsd mmf {Str\&cmn eéme
percerdage, cleanng indey, 3
byembest at :

The wed csrecw‘v’{ arsx:é the aohust w
The wind direction s moatly stable n e moming: and inth bermoans white g
unatabie lE‘ fast changes in the wind direciion. The predomingnt wind direg

the sam
perfaning the detonstione and bums are 55 MPEH (8.7 avs) with guats up fo 25 BPH
the r 3 on for defonalions are t mile with oot less than 2,000 1 of celling {cloud corvvert for

ol

The propoced tept
ERA WA Manoger due b
this project.

e e sulbdest o chang
civatraings o Tacility gpproval. Table 1-1 det

scope by e
s the proposed schsdule for

Tabde 1-1. Test Schedule

Task Btart Date Flanned Completion

ChAFP Docpmber 30, 2008 Jarmmny 15,

in-House Fiyer Test Developrment ared Targst danuary 15, 300
Cormpounds Deteio it

February 28, 30

Harch

Tomele Zampling Campeign

Sl isle preparation} and
antusl samplng

Diata Analysiz and Reporing

A-13
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Dhatter: Janwary 2030

2. Project Orpenization

The onge
perstrmE

Eampiing Seaasceamments

SURRITEE A

iy Mesviey, ARCARE

Daed Nalsehis SFSADE

ERS WA Manager (A, Dy

ran Gullelt Dy, Gullst! higs 0w
prndecls fechnicg! sapects and will b responsible Tor am
with EPA Cuality dsourmnoes @385 EPA o e ARCADES WA Leadar (W ALY He wi
soheduls mestings with the ARCARIS WaLl o discuss issues reipied to the work assignment and the
necassary comeclive acione i be inkan. He has the suthoriby b3 request 8 stop work asder be plased on he
work szsignment by the Conltract Offcer for salety or guality condrol reasons.

rall project responsibility. He will direc! e
o ceopect budgets. B Gulislt will conniinals

Phmne §15 549 1554
E-mai guliett iianena o

A-14
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EPA 38 Represemtattve, Rolen Wiight: The EPS 38 Representalive will ke responsible for reviewing and
this CIAPH. in addition, this project iz subient to sudily by BEPA QA My, Weright is responsitis for

ng any ERS audits,

Fhores B18.54 15510
E-mail pnightroberifiepa ooy

ERS Electronics Technician, hriz Pressipy: My, Pressley will ke responsible for Flver insbrument wiring and
conmentons, and deiz loaging.

Phone: 818541 1383
E-nvad: presglevohneibena. ooy

Fost-dnckoral Fellow of Malional Ressarch Councll, Dy, Johanng Susel Ty Surell will be helping O, Gulletd
for all the tzchnical aspects of the projeets, including the design of the test malrlx, pardicipalion nthe
aampding cempaign, end dats reporiing of fhe disoretion of the EPA WARE T, Aursl will be respansible for
zampling and doin collechon.

Phone %15.541.8385
E-mvall Suredl Jobarnoai@ans gow

ERS Cropanie Eaboratory Manager, Dennis Tabey Br. Tabor will be respornaiide for the analytical work
srsociated with e profect By, Tebor will review any samples sent o an oulside iaboratory for dale qualty
rosazures and revsw subeapeent boeatory analylics reports.

Fhone: §18.541.2686
E.ad. Tabor dennisfepagoy

ARCATS Wal Ty, Dabman Touy
and managing he WA, He will assist

The ARCATES Wal & responsible for pregaring project delivembles
i anaivticad dats redustion, validation, snd mparting. He will ensurs
the prodect meets acheduled milestones and aiays within the hudgsiary constraints ag ‘

The WAL b responsible for commuunicating any deleyvs in scheduling or changes i cosl o the ERAWa
Manager 2% soon as possible.

Phone: 515541 38463

E-mvail gl aresdieum voar

sy The ARCADIS G4 Officer is responsdids for reviewing and spproving
ary dats analyses cond RCADIS, Any report praparsd for EPS reviewsd by Mz, Nessisy
arvd 2 least 105 of the caloulalons will be worified with the raw dala sheetls, npdsbocks, etc.

Phone: $18.325.5585

A-15
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Page: 2-%

ot in aeecrdancs with

drafiing and fnalizalion of thie gually sssurance project plan. As diracted by the WAL, be may perfuom offwr

duties under this work assignment.

A team of ARCADES techritians will assie! the WAL with operation, sampling, and mainterance of faciity
eqguipment ussd on this projest.

LADEE, Steve Tedh M. Terl and 8y, Gillls will be responsible o aasiiing o fhe Flver manauyening for
sampde sodlection and will assdst the WAL in o aspects of fhe poject.

Phwme {5189 84443158
E-mad: siedi@emadis-us.oom
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3. Experimental Approach
1Y Sampling Appreach

The purpose of the planned Toosle Armyy Depot sarmpling is to demonsirate the Flyer sampling technodogy
for determingtion of amdesion faciors Form OBAOD of military ardinance. This will be asonm pk sk by
codlscing phums samples 1o caltuiste conceniration dals for sslected anphdss ;
aralyies, selected from those forwhich emicsion factors exds! and for which there is a ressonabie degres of
confidencs, s sufficiend i aalisly the fechnology derms fion pusposes of s project. The terget anabdes
for iz project will e bercene, naphthelens, lead, and iolal padiceiale malisr. These analyies regresent a
3450 products and, henoe, rapresent & broad mnge of sampling methodefeguipment.
e, and Bter samples will be ansheed o celoulale concenimtions for these analyles.
The Ul CEM datn will be wsad o colcuinte a co-samplsd carbon concentration, which will permit
coriversion of analile concerdmativas to smiszion factors by a carbon balance msthod. In this methed, the
ratie of the sampled target analyle conceniralion B the ola! sampled serbon fags C0:) s ralaled badk o the
irndtial ordnance weig rough knowisdoe of the carbon concantration in the originat ui’ﬁ nanes and the
azsumpion of 100% osithelion of the carban.

The Fiyer, Figurs 1-1, iz 2 icfisble, insinavent-bearing platform for the coflection of batch gaz and particls
samples fram 2 mblem air or plunes, the oollection of CO: we continucus ermizsion moniters, and e
lngging of data. B includes programmahls logic contro! hardwars $hiat may, for sxample, enable sampling
by whery TEM duls indicates that the Flyer & loceted within & plumne. Power for the instruments s provided
ey repizeaaiis, rechorgeable balttery sources. Previous wark has shown that the mass of the Flyer foa. 18
kgtis within the Infing capsbilfies {13 kg ot sen lovel) of the Kingisher (AN 139303 f&@%—;ﬁ wmeter
oo, Fhoure -2, The balicon is Btherad using Specirs fing 1o a pair of 8TVs squipped wit
shechically powsred winches. The wombination of two AT Ve and two fethere permid the positioning of the
balloon, and therslors the Fiyer, ot a specific ocstion and beight dowrwind of 8 soures. Caleulslicns from
wind direction and speed penvil calculstive of the farged ooation and slevalion. A third potentisl tether and
winch will be uzed o provide a thind, verdicsl dimenaion for the Flyer below the balicon, f neceazary.

arbon dioxide CEM, WOU
-2 aamipder,
{111 2-01 3 sonsor with

A5 desoribed i section 1.2.1, the Flyer iz being configused for thie project wi
sampler with a Summa canister, semi-vaistile sampling with g sandwiched PU
paricuinte sampling by Bier, and temperature plug relative hurnidity using o HOBG
datz logging. CEM data are logged o an on-board HOBD LME-008 unit.

Buring the Merch sampling campaign, samples will be oodlecied from both 08 &
niirotokeene (THT : respectively. Table 3-1 provides the composition of thess ma
rovides available srmiesion factors for the inrgel angd

D of M1 propsliant and
ariai, wiile Tabie 3-2

A-17
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Tabie 3-1. Cumposition of OB and 00 Ordrance

Bateriad Bass %% Composiion

B4 Mitroosiisivee

4 2 A-dirfrodoiven (DKT)

BET & Dbty phvthalate {plasticizes)
g Diphengisming

1 Lend casbonats

THT G Trirdrotoluense

Table 32 Emizsion Faciors

Analyls Einfts THY, O 1 propeliant, OB

pRca Y e 35 2%

Maphthalene il MEW 12148 19107
Ph oty MEW A coore’

P

e MEWY

G [EEE

Banzens 1440~

y b necessary in order sample snough of the larget anal
detection Emits of background levels while keeping the charge size sufliclently small that our nafely stand-off
distancs doesr! preclude sdeguale conuanirations. This single, composte sample will e crealad by
reusing the same sorbarnt media during mulliple bums or detonationz. The number of bune of delonalions
necesaary o obdaim ent sample will be determined by pre-fest, CO.-only measuremernt fnisle during the
wesk of harsh 8% decigned to undardand what level of polltants can be anficip st gt what rate from
4 single OB and single G0 gl . concaniration will be used 88 3 surogsts measurs of the
plurne’s pol i conesrtrelion. For some target anabdes {(sg., napithalens), s Shely thal oudliple bumes
of Setenations in seriss will be necessary in ondey T oreste & single samps  exceads deteckion bmits. it
iz glmost ce At 0D will be sampied aiter seral detonations in arder o achieve highes pofudant
conresirgtiong, O8 2 x e iy peries a5 sufficient concerdrations Tor ail targe! anabdtes may be
gbsareed during shugle b

A-18
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For each of the OB and 00 scenarion, 3 Tve day sampling compaigr, with mcerdng and afismpon fest

o = plannsd. For the Grst wesk, Tve dave of reoming and aliemonn fests resall i nine 00 serieg
{ihe first day will include background sampiing and one tost serest each of which may neluds mulliple st
barng. i ; rerll in fve dave of reoerdng and aftemonn O series for s total of

wired by a different insbrument iat can be moved onor of the Flyer
S d. The number of anabdes that can be sampled syl sassdy witt be deterroined by sdnument
%
weight restichions, battery Bz consideralions, and Fiyer performance. Henes, the masdmus number of tesis

32 Analytes and Process Measurements

The foliowing list descries the orition messunsments:

Berrens
Kaphihaians
fuarbon dicaide
Te
Lead

Sampding fow rales

soiid pariouinie

Tabis 3-3 pregants the plannad semnpling and analysis methods

Table 3-3. Sampling and Analysis Melhods

Target Compeount Rampling Maihod Sampling Rale Bralysis

5

G

Bemzane $E-3 Ui SO R

Maphthalens TE-18, Bumms £ 8-3 Lirein GUARME

Maghthalens Kodified T3, PURKAD-SPUF 3B Lirain, GO RME

P Fiter 15 Urniny Anatytcs! Balanoe

Lead Fitkar 15 L Comperdives Mothod KRR, 20K

Cadhen diesds CERE Ehoinry Emismic MR CERM

Carhon dicvds ZF4& Method 250, Summa & Lirein $342

2

Temperalure Thermistor, vaeialis resistor Every second OB 2013

Retafoe urnidiby Ehentronin sensor BEwery second HEEC 2EE

Flowrate Ciffarerdial pressure verdure Exery sooond HEBEG IR
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3%  Test Bpecific Sampling Procedures

221 Open Burring

The bolloon and Flysr sl be prepositioned downwind of the burn siis with the ald of small releass balloons
@it srcls ¢ remda@ Twn &Tve with edeciic winches ar;d Sethers will e ussd fo anchar and mansuver the

The M1 propeliant il be grite b v into the plure,
grided by binccular-aided visual oheersation and a high vislslly boht which s astivaied by & ©TF level

. &R inifial, “EFQiE ‘mre-smaping” MY buen el be used o verily the modis! outpud and
angd the CO. concarimaionfime profile. This sampling may sHtemativaly

this weesk of Mareh 8%

{0 delerming effeclive bum dur&t 8

a8 mnhe amal K
oty ard #x 2 B pumpl

¥ and Lc?;z?&ry Th spre-@amg}lf Tt ‘Lcum will determire

?he rﬂvqtanmg e:»? ik g ts:gm“fmm an@ the a;}?;mal smns:éus*f d;s&ame ¥ the elevatad &Z@« ;smﬁiP i ahort in time

efj mﬁh rﬂx:msreﬁ *?amrﬁﬁ ﬂwzame% Fnd
ignidion mslmmm e jent mmemmtsuﬁ& are possibie outside of the 'gfety e, ther; BLUCoRRSYE
ignitions will not reguine E@F‘%Cﬁﬂﬁi retreat ey Hhe safedy are. Sucoezsiul o
conceniraiions will be determined by sxaminstion of the HOBO date of logg
arabysis of the OO, and benzens (during the actual ?estmg i poncenirations in m SRR aamstﬂr& Tha
canisters will be sont vig ove ¥ 2
analysis. Casbob was selecled ;sfia* talking b g5
detection bmi eir ability o ran fow level caliraiic iyt respond
guickly. Theee data will provide feedback oh our abdl E he plurne and our
mmes collection rate of poliutands, complemanting ouwr ©0; data. Gn-bosrd GBS ﬂz&ﬁﬁh!‘&?’ﬂ&!‘t‘“ will e used
o delerrndng e position of he Flyer {8 . ) 2 iy the OBOD everd and, with 20,
measuremeniz, he used o determine the elficaey of the OB culfput.

F
Zﬁ‘
%

The thedy :tes:ﬁsﬁg SCEFIETIo Wi

chids successive hurme, fmed B ingurs high conpantralinns within the

e burned on a conoreds pad

per jay imcering and &ﬁamo*oﬁ sefleaz sk o2 Tabde 3-4) The M-
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construrisd with g 100 B capacily, although tea oo-loos
3 200 B bum, § desired {aes Flgurs
degending o the o
peasitde, e burn pans will be aliy
ruraber of igniions will depend an the caicw
jukyed from hatorics! savpsion fartors and the
sampling Fial bum. Upon detection of sufliciently slevaind carbon dioride levels above backgroond
determinad in parl by the single pre-test and small balloon 00, measwrements, s &
W0 and semdvodadile aampding.

e

pars wight be ignited simultanecasly 0 anky
1 o5 hebwean bum ignitions,

23, Ench burs will have about £

gy oirnuit il

Sarapiing e exlimates for each tan erglure smissinn factors, amblert siv backoro
concentralions, and owr pradiinany anatyses of the contan

i level of the sampling media, The most

oy SB0ODAT o predic? plume conceniralions. Together with cuy resthod sarmpling rafes, reqguined analyte
mass was determined. These maos values weare then comparad o he ambiont air levels and rethod

ing Himes necsssany o soual or exeesd amblent @ arelior
meihcd defeclion lmits ware determined and presented in Table 3-5. This vaises should ondy be conslrued
aw an ooder of magnitude approvimation due fo compounding wnoestainty o emission factors and in the
DBOTM dispersion modsl.

i in anticipated that pereonnel will always be ouwlnids of the safely range Juring iondior and burning, Upon
cosnipbeiinn of the event sampding fone o four bums), the Flyer will be brought down. Dats wil be
dowrdoaded o the on-boaes dals logger. The Surwns canisler will he remioved, sealed, and shipped i
the laboralory with it chain of cuslody shest OO0, aee section 3.81 The semi-volatie sampling media
sardwich will be romnoved, ngoed, and presareed helore shipmert to RTP. The Sier sample be logoed
ard Hs OO will be shipped to an outside isboralory for Ph analysis by EDYEF and iolal PW by gravimestric
arahyesis,

Figure 31, Open Burry Site
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Table 34 Open Bumn Test Plan

Dats B burn | YOO, Summs canisier FB;;?;;E%&S% Pl and PR s

Fiakd Blank Findd wlark Frald biank Backgrousd {upwind]
ITR200 Background {upwind Background {upwind} Backgrourd fupasnd) Bnchgroussd {upwindg)

X * X X

HE20H0 * X EA

X X X ¥

* X X ®

x % X X

8200 * b4 X K3

X X X ¥

x X X X

10 B x % X X

ELETER

Tetal of 7200 ths 8; X = Analyte sampling. Number of analytes sampled during ssch run will be determiined
by on-site-determined concentrations and sampling Bmes.

Tabie 3-5 Reguired sampling fime from mulliple bams fo surpass anticipated ambliend background {(PW s
wonskdersd non-consegueential}

Target Compound: ATimne- Auroibent ai Reguired sampling me
sapling roethod TR TR, ipgzvmi} Laiin the st

aunaeriraian

in the plume (&

e, gt
Benzene: S G.EF Q3% GEE HA Z i
narisher
Haphitalense: R piEE D083 WA e d
Surns canister
g2 st 4008 g L. e
Lead:  Fiter TR TBD EE A TED 20D
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Oy MR CEW 23T ppn T g -

(2]

B poh B MA B

*i. The sampling ime mnge for aampd
0.0008-0.003 av'hvdny, TBD - b he dele

3 with susmres oanisisr b depandent on the aarmpding Sow rabs,
e

Figarre 3-2. Opesy Burn Pan {THT Sakes shown)

Due o naptthalens’s
{00 ad remibvalatiie (RVOC) charasioriafics. According to EFA Meths
sants effin i of certain volatile FAH naphih
b lost from the parficle Siter during samipling dus B ve

Y can show both volatile
O 13 1T unbng ondy filler media

2 R

n addition, the method alen state that
fang has only ~35% recovery using PUF as the sorbent madia and i & rescmmended bo uss Sa80-2
regln as the sorbent meadia when samplng for naphthelens. The method aleo stalen that PA&H “with vapor
y disfributed bebueen

pressures shove sppmeimately 108 kPa will be present in the sobient air subsiss
the gas and parficulste phases”.

The smbient air concertrations af Tooste horn BATS 2002 0 008 ugm3) & modelsd. The naphthaiens
roncenirations were modaled using the smissiona-besed methodalogy uasing emisson inverdory data [21
Based o what Method TO-12 stales and due i naphdhalens’s chargcteristios i should not be present in the
Armcsphen in partadaie form. The daia fom the emiseion iventory and montiorad date should been
samplsd acoording o methods, hence e HATA valus ghould not he rudtiplied by 4 (e, 0008 ugind
already represents hath gas and pardiculate phasel

3
ad
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A bether knowledys of e sobsal naphihalens and bersens background concenirations st Tooelk will |
menilable the secored week of sampling shes ackgroursd sampiss will be sampled and shipped for anslysss
during the frot week.

The Toosle nephithalene background conceniration s oited ae 0.005 poi® (MATA, 2002 Hased on

Herature values for emizsion factors {Talde 3-2), CBODMN was yeed jo sstimats the plume copcentration at
the Fiver under andicipaled sampin ncdifiores {108 b of M1 35 o froon B buen, height of 15-20m, and g
winnd speed of 2 misl Sines the eralurecited emission faclor for naphihalene (Table 32} was detenmined

vk by 4% 1o abowt .02 §Jf'§i’?ﬁ33 B F OIS R
§ s O e & min (e rainimal OF plums sampling fine that we
ressonaidy anticipate we can sampie). Cur preliminary tests for the PURKAD method have shown thai the
naphibalens sampding medis, <a0-2, b contamingied with naph & oo affer dewnug, confeunding
distinctions with sampled emissions. Howeyer we have been able o reduce the media conesntralion from
15 g naphthelenely KADCZ i 1 ng naphibelenely XAD-Z, meaning et esch fisld sample would ha
coriaminant concentraion of A2 gg oo the 20 g of XAL2. To obiain ar egus! aracand of naphthalens fom
ths B born as froms the A0 confominstion we need b zamipde for £ and 3 minutes for 300 and 200
charpes, respeckeely, of he GBODA -pradicted 2 min ime-avemgs conceniralicn, or shout Hirss 2,
alaa belevs st more than 2 min of effeciive sampling can be done on S e by, The PUFRAD
reathod wil ales be complermerted by the Summa canisier method which msy show gregier sane of
detecticny.

rredicied plurne cones
e tme-gversged plume

LUize of the emdssion Teobor for benmenes (Table 3-2% in OBODM shows thal the plume sonceniralion &
srreeds the ambient air levs! of .55 uglm® (NATA, 20051 The ralic of sampind smissions and backoround
rorm O do 2 min afler igniion. Henee, henzene poses

emismions would be 271 for benmene when sampling
i

less of & sampling me {volume! challznge than naphthalene.

2E2 Crpan Detonation

The balloon and Flysr will be pre-positionsd downwind of e delonation site with the aid of amall balioons
and smeke granades. Tee ATV with eecine, remcdehy-

confrolled winches snd ethers Wil be used Yo anchor and
iz and the ground-fed

mansuver the balloon. The &

batoomdheer will Hkaly b2 boalad inside the safely slond-olf
distancs, sach behind shrapneirock-protective bunkers, A8
rersonme] will be pulsids of Be starnd-off distancs and
behingd o profective bunker. When the ballbon s no onger
it danger of being damagad fom the shvapne! and shock
wave of he lest dolonalion, twill be reloased o B up o

Figure 3.3. Balloon release mechanisn.
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pozition. The hoalloon®heer wi redeaaed from s ground-based shelter using wirsleas {2 4GH
by using heo 12V0E powsrsd
Toe t!":;aﬁ' 'm'%ii o more than

!m Smr ﬁQTUafC!f m

siation shock
1 b o

i that may ooour ; newenad
by setraciing ar:;ﬁ eat&ﬁ&mg e slectric wmﬁh via remole confred. Aot maneuvering can be achieved

sadety penod for persons!

Mi-m*a%mg. hc:wever @fed ioks m;m% dwp&mmﬂ of the poliu
BUCERSSIOn. This neure high concerdrations withio the pleme, bt
Fiyer for oplimal plume eaplu
ignidions will depend onthe e
bl sission fackors

%, FEnLrng d@t@nmmm in m;:»s{i
- enolgh e i mansueer the

This gy mean aboat 5-15 senonds hetween defonations. The number of
inted gmount necessary to exceed the anglyvie deteclion mil, judoed from

te and amound of OO collected ot the siie.

i ench mo
TNT wll €
bebaeen

g

g or afermoon of sampting, up o three detorations iy geries with a charge of 100 b each of
for o fotal of 1,280 e per dey, masimun. Sach defonatice: ol have about 5-15 soconds
ation o maximics e plume conceniration whils mindnizing the safely standof distance
wrizing the charge size).

Mutiphs moming and afermoon dedonations may e used % cregle 3 single, composite sample. This single
aample @il e oeatsd by reusing the same sorhent oedia during multipls events. The pamary indicalor of
reguired composite sampdes will be the OO, mrase coliecisd and the published smission faciors. Upon
completion of sampling, the Fiyver will be brought dhown for doewnloading the on-bioard data bogger. The
Rumwng canteler will be removed, sesled, and shipped o the Bharsiory with s chain of cuslody shest

5 The Semiwolatiie sampling media sondwich will be removed, logged and preservad hefors shipment
ighed somphe Bter will be logged angd Bz OO0 will be shipped o 8 comynernciad nbomstony
?Qr u\at&m;r'mn 0 of PM miase and leed.

Tabds 3-6 prosenis & test plan for e open detonabion foxds.
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Tabie 3-8, Test Plan for Open Detonation Sampling

. THT WOC, Burwns candster Beervsi-ontaiiles. .
- " g .
Pt PLURXAD-ZPUF oo

Fiaid blank Fieid blark Field blark Baokgrourd
fupsindi

Backgrmund {upaind} Bachground (upsing Bachgreurd {upsind

fugwind}

05

E ]

4

IHICW | 4T E

SRR B O o
LR AR A R

4 o deforations i series i ¢ ¥he cumert pad sime. Perod s
Az ¥ 200 ths) and the 200
o0 is 1743 ’!;. Chorges wi be piwecce m&ismsﬁy Wt the wind veolor, o B swxtend pradictaide.

T apart §

# THT safstydistance = 1 mQﬁ;

A it O3B sampding tree estimates for sach burge! analyle used Hersture emission factors and amfizsiﬂﬂ% Fi b

Tabde -7, Reguired sampling time to surpass anticipated amibient background concentrations. and medthod
detection levels during 0D, 200 b of THT {one chargel, $1-108 m from the detonation, and wind
speed of ¥ p's. (PW is considersd non-conseqgueential).

Target ATUTE-ERTAge AU R R Reguired sampdng e jmin)

coERpour CORCETErREon i et e first .

Samping Method

2 e of S & ke o e
defonation detonation
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2.8-1.4 407 58S ZEY 1 1
TarhEter
Haphthalene: 5.2-0.4 04008 0008 A 1 1
Suprwns corsster
Maphthabore: 0.3-71 1 0A-DLS 0 a6 1 ¥
3118 prew 15 ppa = 300 ppa & & &

34 Sampling methods and other oritical measurements

333 Carbon Dioxide by MER CEM

eformnad udng iR Bioasences LIB3U non-dispersive infraved
ile med o the Flyer. This unit i confioured aith the optiong! 14 om apﬂml bench,
hwirag § ’iars anabdical range of -2 000 comy withy sn soouessny specifiontion of «2.5% of reading. Carban
diczide measuremenis ars sxpecied o vary bemnen ~380-750 poan. Signet averaging can be adjusted
from 0-20 seconds pey regding. The L-COR Binscienecss LES20 CEM & equipped with » programmabde
aharm ouipud. This ouipe i capalde of confroliing ‘,2036‘ it as well o visus! ang audible alarms. Bassd
wpor: prehmingry tests {poior to March 15, 2010} this slanm circult &l be programsmed bo fusn on when abows
arvibierd levels of carbon dinddds, La., the Flyver o within the plume. This slarm ciroull il t‘t& used 1o bum on
pumps and cpen solenodd valves, as described below in secion 4.2, The LLCOR LEEX b eguipped with
adfustable high aﬂd o alarm values and for sach of these a “dead hand™>
5 iy achivrted uril

due can be chosen be. the
e 0 oonesrdration drops bolow

rrpounds YOO8

ety

Yoldale Organde ©
sainraph

S )

THETNS by mtg SR DS DOV tt=€£‘f‘§}€£&<ﬁf§1§}€5ﬁﬁﬁ viing for WilEon will be
BEEOIT ing leforalorgsy

ed € L Summes canislers. This cantster will be equipped with a
CPETEUNS JRUGS, manusl vahes, oritical srifics assemidy :
the carbon diosdds tigger cireuit. Columbia &naldics

515 wéh the
L amed 10 minubes

ies arg ahip
or for s andicipated rangs of 1,

B ‘w}mmrg wsﬁl mnﬁz;um :mxd o ak-i}mtﬂ t?*@ ‘
Supnma canislers Separats valvedlorificediter pom
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are grficipeted. This mnge of samplng durslions = meent 0 somples the short, sevarad minuss poak
conceniration plumes and longey, multh-mingte peak concentyation plumes. The shorler sampling perinds
rigk representativeness and Hhe onger sampling periods fiok sample dikdion and detectability. These
warnpding rade waty be differcnt for OB and O sspermands, and for the rarider of plumes ooke
coilected 2z v single sample.

The Sumens canister will ke hun; Forn Hhe bolliom -:>f the Fheer md wéfil hiave s solenoid mE»P soatralied by

'ﬁh& ar:;d E!-’f q&mphngg the mian g;:&i mwe W::ﬁ i}-& e:imed, m& mm&ter il i@»& »ﬁmmmné@d fmm m& Fhyer, the
Csk will be removed, and the canister will be retumed o s shipping eondalner.

Eqch Summs conister sample wil also be used for anabysis of carbon diovide by GO
2 Method 250 glan specifiss gan somphe oolischion by svacusted odinder.

zimg ERPA msthod

145 Bemi-wolatile sampling

iy 3 similer maenner, send-wxlaBle sampling wi coour vsing & PUFRAD-Z resindPUF sorbent sandedich. This
sardwich will e delvered fo the sile already mourded in g gl:ms ia*:sa with a.hmpmg ﬂange The sandwich
wilt b2 preparss for sampding by removing 8 Trom s shipping oon HLanE
ard reoueding i on o e Mk s dirsed cwrrend LGQ'; b&ﬂwa{‘
sampling will be parformed i
The blower will

the carfion dioxide glarm cireud. Plow rate will be messursd by pressurs
differentis! aoroes & calibrated venturl & veniun consiats of & carefully caloulated and corstructed
consiricior. As used hers, §will be mounied on the cutis! of the semivolallle sampler. & ventur bas the
progerhy that Suid pressure theough a consdrinted saelinn of pipe e redused. The Ruid veloclhy must increese
through the constriction to satisfy the egustion of contirusty, while s pressure must deersase dus to
consereation of epergy. 4s such, & measurement of &F betwesn the venbat's inlet and consinichs
body @il messure Bhis pressuns drop and that dots may be weed {o calculate Bow rate. In prachce, 5
catibvation curve i developed from AP and actusl fow measurements. The vollage aguivalent to this
presswre dfferendial o8l be recorded on the HOBC edernal event logosr. The ARPCT Medrology Iab wil
perform Hhese megsurements uaing the wenturis matched ranaducer and g Rools meatsy. Pollowing
samnping, the sandwich will be removed from the Flver, the ends will be saaled with clean alurinur fdl, 8
will be retumed to He shipping conlziner, and stored ot $°2 il shipped to the isborabory.

it be caninalied

barneter
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Baphthalens is bely .
the Sursre method hag wrcertain remw—riw oy lsms «Giﬁiiﬁf“ &ﬂﬁ?@&@!.éfm?ﬁ. Th»:?: P LRI 8D st sl
witl also alfow us fo ook for other semivelatiies, including PAHS.

X Farticuiate matier sampling

e shipped to the site

Pastioulate matier samping wil ooowr using & 47 men tared Teflon Blter. The flters w
pre-fared and mounted iz i E
cormected o B sampding

Ts":ha |n&emaé ﬁmw SENSor mennres fow xzrecﬂ am‘& ar?& 58 8 sbeovdiany
] & updated, bassd on oorested
il errder, punp sofivare nevision
5, Tun Hme, and pump sialue e
y e carbon dioxids alarm ciroul

with twist-fock closures. 4 gef band will also be instalied as furher insurance ¢

peessrvation and shipresnt. The sealed pedn dis

ainet seals ppening during
2s will e placed in 8 recincable bag pradeaded with

desinoard.

i should be nofed that detonationg oogur of a5 such, e plume i 5 significant sol
particuiste malier. Thiz is reflected & Talde 3-2 whem the open dedonalion PM emission factoris much
targer than the charge weight. Gne grab zempls wil cied e aoll af e O oite using 8 20l
seintilation wisgl The vial al be sealsd with 3 nan-m ic threaded cap and stoved for ahipment fo e
laboratory.

245 Sampding Tame

Zampie mes oy the Summa cemiziey and particulate fter are nol separstely reccrded. Sampling o i
the Summs a,ams%er semib-voistie sorbent sandedeh, and parficulate filter are gl based upors the same
sawhon e switched alarn. They are, thersfors, Mentioal (up 1o the paint whers the surms canisier hog
leen Bled o ambient pressure, af which poind osases o oolect sampial. hample fime g, thersfors, base
upon e semi-vnlatilz sampling pump where vollages fom e ventu's differentisl pressurs measurement
will ke recorded on the HOBO extemal svent dals logger.

3.5 List of Samples

® SO e

sigters, € L with cxlifraded oriionl erifine aspembly handware

*  PUFAADS resindPUF will be prepared from cleaned PLF plus manufachsrerclzaned .4 2.
Fhesy will be packed i the glnzs samplers and sanled with cizan slurninam fdl, Cleaned PUF e
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of me-recsived PUF that is sobverd clonned using ssauentisd luens o
dried under 8 fowing nittogen siresm priny o uss.

®  Filter, Tedon, 47 o, tared.

the OO ool particuiate ars collectsd in g 20 mil scintillation viel with nan-mstallic
caps. Tap o be sealed with virnd or slechical tape after sample oolisclion. And -2 % meal i owrapped
lengthwize after sample coliseiion.

2E  Sample Preservation Requirements

+  Filer samples are presensed by sforags undsy desiccant

= Soif orab somipdes are stored v o senbed glaes vink

tes collecied cn PLIFAD-ZPUF will have the ends sealed with rew aluminum foll anst wili ke

ted afier ool 1. Zanmpdes mussd be shipped and sxladied within 14 dawe of sampling.

®  Tupveng conipier saraples for WOU anadysls oust e anghyred within 14 dovs of eolisolion.

AF  Humbering Method

Each sample data sheet and sample fraction will be gheen an ideniling code number st will designate the
rur: numlber. The codes and cods seguencs will be aexplained 1o e feld toam and nborainry persannsd fo
prevent sample mislabeting. Proper applicabion of the oode will simaplify sample racking throughout the
coflection, handling, snebysis, snd reporting processes. The sample coding o be used in thiz shudy is
desoribed & Talde 3-8

For each somple @ chein of tusidy shest will be gensrated. For & sample collected ina
this shest o8 gizo record the conister's seaccisted sarial munbey and bar oode. Foy o padisulnie sampis,
the COC ol alzo record the ey numiberning from the leborstory performing the condifioning ang taring.

T panister,

Tabde 3-8 Samiple Coding

AA-CC-DD-EE-MMEDYY-HHMEM

Sampde Code Cche definition

 vost {08 = Cpen deioration, U0 ={pen
]

BE, OB Type
Hek

st pomdition FB = Field Hank, P = Plume

= F& Saemple, UE wind Sarmple

D FT Sarpling Madia (FT = Fiter, BF =Surberst Pack
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= Busravek canisterk

EE

o

Raraphe Mumber §

RERADLY Y e ek Drate Fhebd, monthideyipear

neric 24 hour coervents

fiini i TEES ; et
e, nusroens 24 hour oomeen

38  Packing and Shipping

¥ SUEWRG canisiers are shipoed to and frons the feid in boves a3 per Caslal inshuctiong, The
crifcat arifice assemblies ars individually wrapped In bubble wrap and shipped with the
assochted sanisler. Summa canislers are shipped cvamight for moming delivery jo the
contrect laboratony.

+  Samples coliected o PU HPUF are shipped ovamisht i insuisted chests with chilied

rafrigersior packs.

. The cassettes are stored in Jig-Lock bags
inboratory separale from bulk samples,

‘ ampling informaliol
ter sampiee wre shippad o

¢ Crolr somnpies i sointifisdion vinle sre shipped to the boratory seporals from alr samples.

+  FedbEx pocedures for Summa Canigters are fisted below:

o Waterals, ncluding sampling media from Caslal § Chesler Lab MNet, ol be ahipped for

e Sray Bepot
dirsg 18
L8 Roger Hale

o $-rwn flers samples Wil be shipped frony Tonsle Sraw Deped 3o

Faul Duda
Chester Lablist
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< ke i Page o¥s
O & LABORATORY

AMALYSIS REQUEST FORM

Srowdl Reterminmsioe of Emirsion ¥ frnl of Sl Visdnancs
Brgusnded Snglpas

Sgmectal fostepetansilonmsati:
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4. REASUREMENT AND aHALYTICAL PROTOCOLS

2 measuraments are CG;, Ph, Tolal PM, bensene, naphihaiens, sample Yow rabes, and times. This
§ include background {orblent) and in-plume evends.

wil

4.4 Wethods

et e plarmed for ihe determinetion of benzens,
'cth b dead. ‘“wamphﬁﬁ yihumes will be

EAR Wil

Benzene and ¢

= G\, 5. The snabys ar wmpte@ i
acmmpgiiai‘sm 3 ¥ capiiiary solurmne are used o achisve high temiporal
resoluticn of target mﬂmcunm Lif‘i@a? Quadm pode o fon frag miess specirometers an ﬂmplcyed for
cosvpoind detecion. The haart of the svsten i comprsed of the sample inlet concentrating device thet is
needed o incrense sampls oading inle o detectalde range. As performed here, o 1 L sligust iz pullsd Fom
Hhe Summe canizder and analysed.

The recommended GUME apabdicsl seguence for samples during sach 24-howy e paried o as fodlows:

s Parform nstrumsrd performance cheok using romeiusrobenzane (BFBL

muitl-point calivadion or delly calbralion checks.

*  Porform o lnboesinrg msthod bliank.

+  Compisle this sequence for analysis of about 20-25 feld sampies.

A irdemal spiking mixhare containing vomochlororasihane, chiorbenzens-ds, and 1 4-difluorsbenzans af
10 ppray ea wimidifed zero airis «d in the sample or calibralion siandsrd. 508 pb of this mixture
sptozd into 500 mb of sampds i# in g concomtrabion of 10 pobv. The indemal shandard i indroducsd
inte the fap during the collecton time f or ol exlibwation, Mank, and sanmple anabvees. The volume of intemsl
shancherd spiking widiurs added for sach aredesiz must be e sarre fom e oo

A Gignk canister will be analyzed dally. The arca reaponse for sach ermnal slandard U5 in the blank must
b within 240 percent of the mesh arss respanss of the i mcsd recerd valid coltbraticn. The retention
fme for each of the intemal standards st be within 28330 minuiss bebesen the Mank and the most recent
walid calibmbion.
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#1.3 Samivalaiies

Semi-wnlatiles and nephihalene in parfcutar will be sampled using EPA Methed TCG-18 & {ERA 1988
S 3

i-volatbe sorbent sandwich samples will be prepared for anslysis by solvent exbraction ubil
dichinmmethane and then convenirated by sobvent swvaporation. An dermal standard, 48-naphdhinisns,
e added. Semples wil e analyzed wilizing dlecen nsode gl Bret, then 20 mode for addiions] sensitivity,
if necessary. Laboratory and Baid Manks wil be collected and prepared.

415 Carbor Dipyide by DER

Carbon dioxide messuremeants will be performed using o Bicsgiences L1820 HDIR -hased CEM mounted on
the Fiver. This urit B configurad with e oplional 14 o optics] bench, giving & ar snebdicsl ranges of G-
2,000 ppev with an scourscy specification of «2.5% of reading. The ingtrument will e praceded by 3 filler for

particuiate matier remowal prior o the optical isns.

ERK integrated Carbon Diowide Measuresnant

Carbon dicvide will be measured by Metlod 252, i which an abouct of the collected Sumwma canister
samphe i inscied inte 3 sample op eopipped GOFID. While msthod 250 s designed for normnsthanse
CPgEnic z:f:xmp@mﬁ& BMACOT S, section 1113 specificaly cites the slution of sample ©50. The method

i  ansivies el o ©0; and $hen o CHs b provide uniform response gerose =31 analyles

Totad P by Gravirmeln: Anelyss

s PM will be measured gravimebicaly oo the differancs batw firsal and tore nuanses for each filsr,

The weighing of the fltars wi v the procsdures desoribed in 40 OFR Part 50, Apperdiy J, 1887 The
Hern st be sultable for weighing the bype and size of fiters and have a

: 2 weed shall be conditioned B3 28-22 °C and 30-40 % RH for @ mindmam

nnsediataly bafore both the pre- and post-sampling weighing. Botl the pre- and post-sampling

weighing should be carmied cut on the seme anabyticsl balanee, wusing an effectve technigus o neuinalizs

The post-aampling conddioning and weighing shal be completed within 240 hours {10 days after the end of
the sampls pesiod.

418 Lead

The partouiste malier eoliecied o Tellon fters = alzo appropriate for the determiinetion of lesd. EPA
Cornpendiun Madheed 23,3 (305954 specifies the analysis by 2nengy dispersive sray Buomeseencs
apectrometny (EDREFL This method b compatible with porficulate on fiterg, io quite sensiive forlead, and
is non-destruriive. This means thaet the parficuizte malter and subsirale survive e anaiysis intect and sy
e archived or anglyzed by of ey methods,
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4.7 Calibration
&3 Wls

Pricy tocthe anabysis of campdes and Hanks, bul afier the nslrument pordormance check standard oriteriz
brapee beeen roet, each BCAAE system must be calbrated st fve coneantrations that span the sonitoring
range of interest in an ndial ration: sequences o deterring insfrument sersihvty ang
S respongs for the target compounds. For esampis, the rangs of intsrestmav he 2 o
wibich cane the fve concenirations would be 1, 2,5, 10 and 25 polbw.

422 Semi-volaliles

Fhe S will be colibrated uaing & S-poind calibration with d8-napidhalens infemal standard.

423  Corkon Diccide by CER

The LILCOR Biosdiences LI-B20 KDMR-bazed CEM & calibested using a zerg inilrogeni and span gas {00,
ire ndtrogent. This will be performed in the iaborsiory prior o transpovistion fothe feld. Linsartty checke wil
b pegfrerad in the iab Soliceing the oxlibralion usng beo addiions! ool gases of infamaedinte 005,
concenirations.

fry the field, zero and apen checka will be performed o a dally besls,

424 ivtegested Carbon Dioxide

The G s oxlibrated u

e performsd.

Ting corbon dicside in

iircgen oeriifed colivalicn gases. & 4 point cxlibeation wilt

425  Tolgl PM by Cravirmetric Snadysls

Calizration for delermining mass of conditicnsd media s parformed oz per "Gually Assurmanes Buidanss
Docurnent |

438  LEsad

iy general, caliration defermines each element's sans m»ﬁif Lg, o roRponse i K-ray courdsdess o sach
HQ*‘%"mE of & dard and an inferference ¢ ient oy 26 e hal ceuses interference with
fon 3.2 ahel 2 : sear pdot of cound rale versus

iy for that slement. & more precise

WY, wﬁ; re‘@,usw f\‘wer mmaw& i o B conmih e e radien s & onouplex taek
in e o fors of an XRF svatem. Two msior mnm».«n& aeepmplished by o1 are the peoduclion of
reference spechra which am used for fitting and the determination of the slemendal sensitiviies. Inchuded in
the reference spacha {mfered 1 as “shanes™ ars backgroredsubimoted peal shapes of the olemerds o
e anatyzed {as well as nvterfering elemeanis) and spectral baskgrounds. Pure slement hin Bm slandards

Ead
(=2
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posds i based on the assumplion that the
thickneas of the deposil b small with respect io the charscieristic Ph ¥-ray transmission thickness.
Thergdors, the concerdraiian of Pl in o samipls s deter) : oy Brad s whing the specirmmsier with tin
finy slandands to defermine the sensitivity factor for Ph and then analyming the unknown samples under
identical sxciislion condiions as wsed io determine the exlibmtion. Calitration 9

A% be performed annusaly
o when significant repaies or changes peowr teg., & shange in Bucrescence M-ray lubes, or defecior).
dby factore and the magnitude of interferance or overiap

Thin fiim standands arz used for calibration because they moat clnasly resembis the layer of parliciss on g
ey, Thin fims slondands ang typlocaly deposdisd on w2 subeirates. Thin fm standards are awaiiable
from MIST and commerclal SOUrces.

& hackground speckum generated by the Bller el must be sublracied From iy Ry spechm price o
extracting peak aress. Background spectrs must be obisined for sach fler lot used for sample collection.
The hackground shape stendards which are used for beckoroungd fing are crepted ol the tme of

ibratioer. I a new ol of Gers i used, sew borkground specha must e oldained. A mininsum of 20 cean
blank Gters from each filter of are kepl in 3 seaied conlainer and are ussd exclusivaly for background
mcasurement and comeciion. The spectra aogutned on individus! blank Biers are added together t pedlucs
& single specium iy each of the secondary torgels or fuorescers used in the analvais of lead. Individual
blank fiter specira which show abypical conlamingtion are ex o Trom: the summed spectra. The summed
apecirn are fited o the approprisgte backgrumd during spectral processing. Background comsciinn is
autormalically included during speckal processing of sach sample.

i

H37F Sampling Flosrste

v Dumwns candsier sampling rale s hased upon a colibrated oritical orifice assernily (OO suppiied §
the commernial arabdical isboratory suppiying the canisters. The C0A& will be configured as per the
W ARYs inatructions and calibraded by the suppbing aboratary.

wri-volatile sampling wlilizes the BLDC Wowsr. The fowrate is measured by the pressurs o
resasured seoxss the insialied weatur. The voliage equivalent o this messure differential will be
reporded on the HOBO™ exiernal gvent logger. This will e calibraied in the aPPCD Mebrmlngy
laberatory prior io being deploved ulilizing & Roods msisr.

+  The fifler sampler gidizces an SR Leland Legacy conslant rate sample pump. The petented (LS.
Pabord Mo, 50852, 180) internal Sow sansor mensurss Sow divectly and aots o 8 serondary standard o
constantly mainizin te sab Bow. et fow s achisved immediately gt glard-up and fow caiibration is
atormn

Ay rrind
shmospheric press
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Ledand Logacy is prograsvnatds with the Leland DataTres Soflware using g PC angd

i presends the
pums senal number, pump sofbeare sevision level, Jow rabe, volume, lemperature, almosphesic
rrepsung, e of day, run ime, and pund siabs, e, hold and run as sl as selup
vl disph 7 on corrected fow
s will be catibrated with the r Fiow Caliralion
a peirmary standand airffow calboaior.

wrnstion. The
died by sampling fime, The
1 {Goienific Instrumenta),

L2008 d-channst exemal legger. Each

- HOBO maintaing an intemal e, which bas & ime accuracy
: re based wupory differentisls soross sampling fmes on the
-txrd 2y o‘f %9&?3% e, no furth 3 caki}mﬁcm % S CSRERN.

438 BPR

The GPE measurernents on beard the Flver are ood critical measurenenis bud will be ussd in redrospad,

atong with the C0; He dada, o sesass the predictive capability of OBODM. The sifimeter and the sleclronic
compees in e GRS nead o be oolilwated befors use ard after every mes e halls
order o calityais the alineter the current slevation or baronshs
ved Yoo @ reliaide scurce at Tooele. To recsi

o are o

i
preasurs st be known, which ha

o he
A curnte calibration of the electronic comipaga the
GPE needs o be leveled and not nearby magnslic Bslds sunh as cars and bulldings.

A-37

Distonation of Military Ordnance

ED_001691B_00010780



Determinaion of Emission Factors
Fro Cpen Burndng and Gpen
Batonation of Military Ordnance

Warsiom £,
Dabe: January 2038

FPage: &1

5, GUSLETY ASSURSMUBEGUALITY COHNTROL

54 Lomparisons

As & {34 check, the results ohisined fom it
methods will be comparsd fooihe comespond

grated extraclive sampling and analysis by conventional

ing cootinuoas samplin Hable,

ques, whan ava

£3 Chality Ohiectives and Criteriz

tive of this projeet is o chargclerize the emissions foy OBEDD svents. The date qualty olisclives
(D3 0] 2 the orificel measurements (T8 needed b3 address the objectives of the et program, and
apcily tnderatde pvels of pe  Srrors aasosisted with dals collection as wall as the ndislions of e uss
of the data. However, the criical measurementis uoed in the computalion of the smission data shall alag
aatisfy e data gu
crivericn, sush as pre-sampliing sunrngabes renaven

¥R

indicator geals specfied by the respeniive sampling methods based on g PazsFail

25 thiat are not oluded in the compuiation.

The Inliowing messurements are deemad oo b oriiesd  accarmpdizh the project oldectives:

* P weights

*  Target pollitiant concentrations

Sampde vodurnes

*  Sampling Hme

These measuraments are nesded o determine the emission aclore and emisaion rates for the warlous
ool e of sampling ew
current CEM date shreams. This is esaerdial
damper mode {clossd or opant and he fus

wbarte. The e se riig must be recorded on the same fove axds as are the

determine the sxdent of e amissons a3 3 funciion of the
rge consumpiion as 2 fenction of Sme.

82 Dats Quality indicstor Gosls for Criticsl Measuremsenis

The data guall s} are speafic oriteria vaed o quantify how wall the collsciad data mest the
Dioe, The DGl goals for the ollical seasurements correspond to and are consisterd with the slandands st
forth in each respective referenced ERA ethod. Sccuracy and precision exlimeates are avaliable where
ricded, and compistensss goals for date collection and sampling are indivated in Talbde 51,
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Tabde 5-1. Dala Gualily indinators

Reasurement Parameter Bnabysis Method Recowvery Betection Limit | Complelensss
5

an
A%
28
90

Benzare ERA Mathed TO-13 4 Eey

Naghthaiane EPS Mefnd TOE FO1E0%

Naphthabans EF& Method TO-13 4 25-135%

Carbor dindde G 5%

Messurement Parameler Analysis Method Boouracy Completeness

B

Fat Srabfical Balance 18 %

=50 EDNMRF B3 B4E p:,f'r-'n3 fEi]

2% of R 90

Cariwon: divide MR CEM N
reating

Wenturt differentiah pressure | Biv% ey 08

Flogrates frbesnad fow serear + 5% wet Hé ke

atattycd

AT D Gools for the Tange! Pofiutants

The DO gogle for the oriticsl measurements for P and crgarde sampiing (isted & Talie &-1) curespond
respectively o he standards sof forlh in sach respeclive EPA Method.

8E 47 FaHs

& singte TBD deutersted PAH {zos Table 5-2) will be added feihe ¥ADB-2 frap befors he sample s
coffected. The surogale recoverdes ars measured relalive to the infernat standards and are a measure of
e mamipling rain collpcion efickenny. AR surmgete standard reonverion shall be badwesn 25 snd

130 pereent. A deuterated recovery standard, TBD, will he added bolore mass analysis.

e

Tabie 52, PAH Surrogates, Composition & Purpose

Rpiking Solution Special Notes

Ak Manhihalene sid | added o sorbent pach prior o
shigraerd o feld

Fre-zarmping surrogeds

FaHe - inteonal Maphthalene D8 Added o the sample prior i
Riaradards eriraoion

Renovery TEO, deutersted FaH Sdded bafore mass analysis
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£32 Represenialiveness and Compsrabity

&4 teget Bve camples per gnalvis ars fargeted for megsursment and compariaon. Resulls will be compared

froems She Meraluns,

with rrdnderadly exisbend emizslon fa
54 Ascessing DU Goals

in general, data guality indioslor goals ave based on sither {1} puldished specifications, {2} relaled quanities
ke drift for precision), or {3} snginesring judgment based on previous sxperence with sin BYEEME.

E4% Pragizsion

iy order i measurs precision, i is necessary o make replicate measurements of 8 relatively unchanging
parameter. The abilily fo measure preciaion iz dependent upon the ype of dats et iz being msasursd.
ary arabtic balanes or 8 OO angfyzer, ol # okes o measure precizinn is fo messure the velus of a

referencs standard mone than ance and comipare s feo numbers. To check precision, any pair of dupicals

rasasumsments can be entered indo an eguation of the formy

Wihere:

L& =gl from one nun

B =reguls from second duplicate run

FPD = relglive perpent difference

i move than one palr of duplicate measursments is avaliahbe, an entire populaton of ndividusl precision can
he gensrated. The beslway to represent ol of the replicale reaponses to & reference standard s with &
relative standand deviaBon (REE)

@
L5

Thiz iz often expressed as @ parcent.
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Wihen there are ne elerencs stendards, howsver, precision calouiations are at the merey of sysiem siabi
Furthermore, aavers] of the measwrsmenis enly generale one value per run (e, Tor 2 nung e condition,
Precizsinn = BPD). Therefors, for measuraments thad are compared in a reference siandard

RIG. For messurements that have no relerence standard, pescision i sxpressed as BSD for mu
e e T, and as RPD for singular meesunsenerds.,

TS AR ETY
£4.7F Scooumacy

The scouracy of 8 measurement is expreseed inderms of peroant bias, or, In some cases revommended by
andend methods, in erms of sheolute Jference. Percent bias is defined ax:

R-C

Foreent Bigr= x Fey3 A%

o=

C

Where! Exd = atrument response o resding

&2 = gaditwaticn stendard or audi sempde value

Accuracy can fake on the wnits of the messurerend, it can be sxpresssd a8 & perosndage of the averags
msasuremant, of it can be supressed a3 g peroentage of he mesauremend rangs.

The ratio of the number of valid dats points token thal mest DGy goals to the ol numiber of dala [
phanned iz defined as data completeness. Al measured dals are recorded slscironically or on data sheeis
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& DATA AHALYSIS

Dinta produ fdes notes recorded in o laboraiory nolebook, dig fotes of the Rliers and PliFs, dada

froar: Ehe ERS laborsiory anabses, and aff the sompls anabysl producsd by B acoradied lebomtory. O
laborgtory notebook ot o fime will be msintained forthis project, 1o be wsed for reconding daka by any
be archived Iy

el This nborslney notebook wil the EPF& WaM.

B4 Diata Reporting

For sack run, Sigitsd ao
proceased dat will be reported. Al date validetion ciferia will be reported aiong with devinlions o the
{eot salting requiremants and associaled comments related o thess deviations.

& Dats ValidaBor

Cinta wlidalion is performed ot the end of the profect through an seseassrment of the Dats Quality Indicabors
i ity

7 $0s s The measured DO o e oitios! meassuremerds will e compared 1o the defined I8ls

et in this GAPP and thal are consisient with the standards set forth in sach respective referenced ERA

WMethod.

B3 Dafa Storage

Figdd data wil! be ransfered from the HOBOG data boggers o "dala oliicks” vie 3 lapiop compater with & USEB
powt. Eloctronis data and pictures will be posled i the Tokdsy

L3 abiRML PublicvzulistiRessarchiipdales W& 0-51 on the ERA nobwork share drive upon retam fom
the feld or a2 § & generated or recaived.
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7. Assessmeent and Oversight

T4 Assessments and Response Actions

xdmt;ﬂed by ary of m\‘ uals renponsibbe, an interoffice mem&mndun‘ &% =§I %sﬂ “re;:s@*'Pd emz:i
aumitied o the ARCA and EF’;-A oroject pardicioanis. The memorandurs will disouss the probdem and
cosreciive artions taken. A G perbernance svaluation will be perfarmed i determine o Sl Were
met oy the cwarall project. Any interns! audits performed by the SRCADES G4 slafl will be Iolowed by 5
written formal report io the ARCADIS WA Leadar.

F.2 Repors to Management

Al sssessrments performad by the EPS G4 Reprosentalive or ternally by the ARCAHS Q4 Officer will he
formally reporisd fothe EPS and & Rx_.\u@!k« WA Managera 30 dave. Jings Trom the oudits will be
et ivrnschintely in order for any necesnary correciive scions o be inglemerntad.

The final report prepared for this project will contzin o dissussion of G4 orocedures and an evaluation of
whether o nod eatal o DO gosle weere mst. In e event DQs ore outsiths of the accepdance oriteny, the
conseguences of the fallure bo meet speciic DO goale will be discussed.

T3 LCorrectbes Botivns

The ARCA) Wal (Dr A Toundl is ullimately p for implerneniing correcive actions deniified
through G348 Sudils. Anintegeal paet of any G8 program o wel-defined e% for comecling Sela quallty
proddems. The overall goals of the 38 program address the bllowing aspects of data gualily:

*  Problem prevention
*  Problem definition
*  Problem comection

For this fepe of teeling, date-gualty probdems ususlly require immediate, on-the-zoot comealive gelion. The
rocedures putiine Hiz plan are ntended o provide for rapid detection of date-gunlity preblems. The
expeienned personnel ansioned o this projest will be intimsbely invalved with the data on g doaily bagiz A
data-guality probdes will become apparent soon after & coours. On-the-spot comective actions will be taken
whvern prachosl and arg eopectad to be an sverydesy part of the (& process. The EPS WA Mannger will be
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potified promptly of Q8 problems thal may regquive extended Sme for carective acfien. The nature of the
probliem and comective oleps inken wil be noted in the project notsbook for Srure referencs.

The ARCADES Gk UHicer and the ARCADIS WAL will condust regudar inspections of pryjact nolebooks o
ansurs completeness. Any discrepandcies reguiting prompt data quaiity probiers carrection will he reachvad
bey the WAL, Through reguls ¥ the praject sieH, the & Cificer and WAL will ascertain the
confinuing sultahiity of anabiical systems performance. Bacauss communications babeaan projest
rertinipents are open and fregusnt, this syeiem in ected o e efective arsd will reguirs 3 minimum
amourd of paparwork. The ARTADES 34& Cificer will make documentation of probdsrss reguining ong-term
aniuticn.
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Introduction

This is an addendum to the QAPP entitled “Determination of Emission Factors from Open Burning and Open
Detonation of Military Ordnance” allowing for additional work scheduled for Spring, 2011. The Department
of Defense’s Strategic Environmental Research and Development Program {SERDP) has awarded second year
funding to further pursue development of methods for emission characterization of open burning of military
propellants. This additional work will focus on multiple propellant types whose composition varies from that
of the first year propellant, M1. Tests this year will develop and test additional methods of sampling to
characterize these propellants and are based on input from the U.S. Army’s Defense Ammunition Center
{DAC) and their advisors. New target analytes this year will include perchlorate, chioride, and hydrogen
chloride from Cl-containing propellants and additional metals (e.g., Ba) from other propellants. In addition,
repeat samples and analyses will be conducted to further develop these sampling methods. All tests will be
conducted at the Tooele (Utah) Army Depot test range, the site of the 2010 tests.

This addendum is meant as an addition to the cited QAPP. Differences in test materials, target analytes,
sampling and analytical methods, and burn procedures are included.

Schedule
February 18, 2011 Draft QAPP Addendum submitted to EPA and to
U.S. Army DAC
March 4, 2011 QAPP Reviewed
March 20, 2011 Team arrives in Tooele
March 21 — April 8, 2011 Field Testing
August, 2011 Draft report
September, 2011 Final report
Propellants

Five Propellants will be tested by Open Burning {OB). These propellants and their composition are listed in
Table Al. This table is an amendment to Table 3-1, “Composition of OB and OD Ordnance,” in the original
QAPP. These propellants were selected by the U.S. Army DAC with criterion of stockpile relevance, method
gaps, and emission factor data gaps. Two propellants (of three currently listed) will be selected for their
composition of ammonium perchlorate {over 65% by mass). Their OB plumes will be sampled for
perchlorate, HCl, and chloride salts. Three propellants were also selected that represent single, double, and
triple base compositions. Two of these, M31A1E1 and SPCF, contain metals (barium and lead, respectively)
which will enable testing of PM-based metal capture and detection. Note: selection of the ammonium
perchlorate propellants is not finalized; these three are examples of potential candidates. At least two
perchlorate-based propellants are targeted for testing.

Charge sizes in 2011 will be increased to 200 Ibs and will continue to be ignited in metal burn pans. If
meteorological conditions permit (e.g., wind speed and cloud cover), up to 300 Ibs can be tested in a single

charge. The advantage of the larger charge size is the proportionately higher concentration of target
analytes in the plume and the greater ease with which limits of detection can be exceeded.
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Table Al. Target Propellants.

Propellant Name Prope'llant Mass % Component, CAS #, Chemical formula****
Descriptor
Triple Base To be Nitrocellulose 9004-70-0
M31A1EL provided Nitroglycerin 55-63-0
by DAC Nitroguanidine 556-88-7
Double Base | To be Nitrocellulose 9004-70-0
M26 provided Nitroglycerin 55-63-0
by DAC Barium nitrate 10022-31-8
Potassium nitrate 7757-79-1
Single Base To be Nitrocellulose 9004-70-0
SPCF provided Lead carbonate 598-63-0
by DAC
ANP-3196-1* Hawk_ 60-75 Ammonium_Perchlorate (AP) 7790-98-9
Sustainer 15-20 Nitroguanidine 556-88-7
Hawk 60-70 Ammonium Perchlorate (AP) 7790-98-9
ANP-3146-1** Booster 15-20 Aluminum powder 7429-90-5
Atlas Vv 67-70 Ammonium Perchorate (AP) 7790-98-9
AnB-3745; ANB- Propellant 18-20 Aluminum Powder 7429-90-5
3748 (igniter)*** and igniter 0-1 Triphenyl Bismuth (TPB) 603-33-8
0-1 Iron Oxide (in igniter) 1309-37-1

* Information obtained from AEROJET MSDS NO. 501, Revision 5.
** Information obtained from AEROJET MSDS NO. 500, Revision 3
*** Information obtained from AERQJET MSDS NO. 13003, Revision 3
**x*Composition of propellants limited to propellants, explosives, and pyrotechnic (PEP) materials and

Metals

Changes to the Flyer

A number of advances were made to the sampling instrumentation package, or the “Flyer.” Two Flyers now
exist, “Orville” and “Wilbur.” Both consist of a lightweight, aluminum frame structure which replaced the
solid aluminum structure of the original Flyer. Orville was outfitted with a telemetry system to transmit data
to a handheld station. Orville’s telemetry system enables the ground crew to monitor CO, concentration,
battery life, and pressure drop across a filter. These data allow maximization of flight time and optimization
of collection by avoiding premature battery changeouts or battery depletion and allowing for filter changes
when plugged. Orville was used in July 2010 when monitoring the in situ oil burns at the BP Guilf oil spill.

Wilbur lofts a computer and control software in lieu of the telemetry system. This computer enables data
storage like the original Flyer but also allows the sampling to be controlled from the ground and allows the
incorporation of multiple triggers. These multiple triggers, for example, allow one to loft multiple summa

canisters and trigger, or open, them at different CO, concentrations.

A number of other changes are included in both systems. The Ni-Cd batteries were replaced with Li-ion.
The 6 L summa canister was replaced with a lighter 1L canister. The semivolatile blower was replaced with a
unit that has about four times the flowrate of the old system, up to about 650 L/min. An electrochemical

cell for real time CO was added. Continuous PM samplers and black carbon samplers are also optional.
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New Target Analytes

Section 3.2 “Analytes and Process Measurements” of the QAPP is amended to include additional analytes
and their measurements as well as changes (shown in italics) in Table A2. Emissions to be measured in 2011
will include CO,, CO, PM,g and PM, 5, metals {e.g., Pb, Al, and Ba), VOCs, SVOCs, HCl, ClQ,, and other
chlorinated compounds.

Table A2. Target compounds and sampling and analysis methods (new methods or
changed methods in italics).

c Target Sampling Method Sampling Rate Analysis
ompound

VOCs TO-15 Summa 30s (frqm 2-3 GC/LRMS

L/min)
SVOCs TO-13, PUF/XAD-2/PUF 650 L/min (_from GCLRMS
200 L/min)
PMo2 5 and PMjo Filter 10 L/min Analytical Balance
HC Alkali-impregnated filters, silica 2-4 L/min Jon chromatography
gel tubes

Carbon monoxide | EPA Method 25C chemical cell 150 mL/min GC

Measurement Methods for New Target Analytes

Perchlorate will be sampled using a modification of the method discussed in Lamm et al. (1999). The
method consists of sampling at a flowrate of 2 L/min through a 37 mm mixed cellulose ester (MCE) filter (0.8
pum pore size) enclosed in a closed-face cassette (SKC Corporation). Perchlorate salts are captured as a solid
on the filter, which assumes no perchloric acid formation. Cassette samples will be dissolved/extracted in
water, an internal standard added, and then analyzed for perchlorate with LCMS and chloride with ion
chromatography as per U.S. EPA SW-846 Method 6850. Samples will be analyzed at Columbia Analytical
Services (CAS, NY).

The detection limit for perchlorate is cited as 0.004 ug/filter by CAS (NY). For the purposes of determining
required sampling volumes and times to reach perchlorate detection levels, we first assume 100%
preservation of the original perchlorate composition as a best case boundary condition and dilution at the
Flyer sampler at the ratio observed for C to CO, during the 2010 tests. Calculations were done using M7
propellant, containing 8 weight percent potassium perchlorate, as this was indicated early on as a candidate
for the testing. The average 2010 sampled concentration of CO, from M1 was 460 ppm (against a
background of ~ 390 ppm) from a carbon fraction of 30 wt percent in the propellant. From these ratios, the
maximum possible concentration of perchlorate we can expect in the M7 plume would be 80 ppm (124
mg/m3). At a sampling rate of 2 L/min, we could expect to collect 0.25 mg/min. When compared against a
reported detection limit of 0.004 pgffilter, the required sampling time to reach detection is significantly less
than 1 sec. As of February 2011, the expected perchlorate propellants contain >60% ammonium
perchlorate, considerably more than the M7 we used for these calculations. Even if only ca. 5% of the
original perchlorate is released intact and is diluted to levels below 80 ppm in the plume, sampling for
detectable perchlorate should be relatively fast.
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The perchlorate may also degrade into chlorine which could react with alkaline earth metals, either within
the propellant or entrained from the surrounding soil, to form a metal chloride. Lindsay et al. (1999} noted
that HCI could readily be absorbed by entrained soil as well as aluminum oxide from the propellant. These
metal chlorides will be captured on the initial perchlorate filter and analyzed by ion chromatography from
the same filter.

We also will sample for formation of HCl. Methods for sampling HCl are primarily derived from those
intended for sampling inhalable HCl to relate to exposure risk. Silica gel collection methods such as NIOSH
Method 7903 (NIOSH 1994) may undersample HCl mist, as particle size collection characteristics on the silica
gel sorbent tube do not match the inhalable convention (Howe et al., 2006). While there are considerable
guestions relating to the relevance of these methods to the inhalable particle/droplet size (Howe et al.,
2006), our effort is more concerned with complete capture and quantification. HCl will be sampled in
parallel using alkali-impregnated filters following the perchlorate filter and silica gel tubes as per Lindsay et
al. (1999). HCl gas is expected to pass through the perchlorate/chloride filter and be adsorbed by a second,
guartz filter coated with Na,CO;. These coated filters are available in a cartridge from SKC Corporation. Any
hydrochloric acid transiently collected on the initial filter is expected to rapidly evaporate and be collected
along with the gaseous HC! (Howe, et al. 2006). This method, including a prefilter followed by a Na,CO;-
impregnated quartz filter, is consistent with a method from France (INRS, 2002), as cited in Howe et al.
(2006).

Numerous tests on the prefilter/ Na,COs-impregnated quartz filter method were covered by Howe et al,,
(2006). They examined pre-filter HCl vapor capture and breakthrough potential. The former did not exceed
0.4% and the latter were all non-detect after collection of 47 to 62 pg of chloride on the alkaline filters. The
pre-filter did have a propensity to collect significant HCl when doped with Fe, Fe,03, or ZnO suggesting an
underestimation of HCl from the Na,COs-impregnated quartz filter alone when in the presence of
propellants metals {e.g., Al from Atlas Igniter propellant) or plume-entrained soil. The extent to which this
may relate to our work is uncertain; the experiments of Howe et al. did not control for the amount of dopant
on the filter.

This filter will be analyzed for HCl by ion chromatography methods specified in EPA Method 26. The limit of
detection for this method is 4 pg/filter (CAS, NY). Assuming that all of the M7 propellant’s perchlorate
becomes HCl, and assuming a dilution ratio consistent with the 2010 dilution of CO2, we anticipate a
maximum possible HCI concentration of 30 ppm or 45 mg/m3. Lindsay et al. {1999) noted that their silica gel
tube method did not detection gaseous HCl at levels above 6.5 mg/m3 (the background contamination level
of the silica gel tubes). At a sampling flowrate of 2 L/min, we will need 2.4 s to reach the 4 ug/filter level,
assuming a concentration of 30 ppm HCl in the plume. If our plume HCl concentration is actually seven
times lower than 30 ppm, equivalent to the 6.5 mg/m3 background level noted by Lindsay et al., this will be
compensated by the higher Cl concentration in our targeted propellants as compared to M7. Nonetheless,
we anticipate sampling for approximately 300 s {one day) to obtain a composite sample for HCl analysis.

The perchlorate prefilter and Na,COs; filter both will be analyzed for target analytes prior to sampling at
Tooele in order to establish contamination levels. Ambient air background levels will be determined for
perchlorate, chloride, and HCl. Moller and Acker (2007) found HCl concentration maxima around noon of
0.1 ug/mS, dropping 10-fold at night. They also found an average of 50% of the total CI mass as gas-phase
HCl.

In 2010, only PM,o was collected for dust loading and metal analysis. In 2011, PM, s and PMygsampling will
be performed simultaneously using two 47 mm tared Teflon filters each with a SKC Leland Legacy sample
pump with a constant airflow of 10 L/min. The internal flow sensor measures flow directly and acts as a
secondary standard to constantly maintain the set flow. The volume display is continually updated, based on
corrected flow rate multiplied by sampling time. The pump operation is controlled by
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the CEM CO, trigger circuit. The SKC Leland Legacy Sample pump will be calibrated before and after the
sampling campaign, with a Gilibrator Air Flow Calibration System {Scientific Instruments}, which is a
primary standard airflow calibrator.

PM will be measured gravimetrically as the difference between final and tare masses for each filter. The
weighing of the filters will follow the procedures described in (40 CFR Part 50, 1987). Calibration for
determining mass of conditioned media will be performed as described in Quality Assurance Guidance
Document 2.12 (USEPA, 1998). The PM collected on Teflon filters will also be used to determine
concentrations of target metals such as Pb and Al. EPA Compendium Method 10-3.3 (USEPA, 1999¢)
specifies the analysis by energy dispersive x-ray fluorescence spectrometry (EDXRF). This method is
compatible with particulate on filters, is quite sensitive for metals, and is non-destructive. This means that
the PM and substrate survive the analysis intact and may be archived or analyzed by other methods.
Select PM samples from non-metal-containing propellants will be sampled for metals to determine
whether the burn pans arere sources of residual metal carryover.

Carbon monoxide will be sampled continuously using a semi-real time monitor. An onboard CO sensor
(Creative Solutions RCO1000) will measure CO concentration by means of an electrochemical cell through
CO oxidation. Output is linear from 0 to 1000 ppm at an operating RH range of 15-90%. The RCO 1000 will
be calibrated in the EPA Metrology Laboratory prior to departure at 0 to 100 ppm with +- 2 ppm error using
EPA method 3A (2008). CO measured by flow through chemical cell will be corroborated by the
measurement of a sample taken from the Summa canister system and analyzed via gas chromatography.

2010 Measurements

Other measurements conducted in 2010, such as VOC analysis (e.g., benzene) and SYOC analysis (e.g.,
naphthalene) will be repeated in 2011 tests. In general, emission factors determined in 2010 agreed well
with published data. Additional tests in 2011 will serve the primary purpose of defining the range and
variability of the sampling/analytical methods. These data will be useful if the DoD wishes to further
establish methods that will be used in future regulatory- or permit-related testing.

One change to the 2010 analyses will be the inclusion of additional semivolatiles including nitroaromatic
energetics. CAS (NY) will analyze for nitroglycerin (when present in the propellant) by high performance
liquid chromatography (EPA Method 8332). Nitrocellulose can be analyzed by a total nitrogen method, but
is probably not sufficiently sensitive for our samples, so will not be targeted. Additional commercial
analytical sources are still being sought at the time of this writing. EPA will analyze for nitroaromatics
(nitrotoluene and nitrobenzene) and PAHs by a EPA Method 8270. The method is modified by use of
selective ion monitoring (SIM) with GC/LRMS to get lower detection limits, inclusion of nitrotoluene as a
target analyte, and adjustment of the extraction volumes or dilution of the extract to get concentrations
inside the calibration range. NitroPAHs will not be analyzed.

Ash

After each 6-pan burn series, the propellant ash will be collected and weighed. Samples of ash will gathered
from the burn pans for each propellant type and analyzed for original constituent metals such as Pb and Ba
and residual energetics. Non-Pb- and non-Ba-containing propellant ash will also be examined to ascertain
the potential for carryover between propellants. Limited PM filters from non-metal-containing propellants
will likewise be analyzed for metal carryover.
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Test Matrix

Our plan is to sample approximately 18 burns per day (three series of six pans with 200 lbs each), providing
for 300+ seconds of sampling per day (the 2010 average was 17 sec per burn). The order of the propellant
testing is dependent on the arrival an availability of propellant at Tooele, which was still to be determined as
of 3/12/2011. Table 3-4 of the original QAPP is amended as follows:

Propellant Pans Wt CiQ,, Cl, HCI VOC, Semi-volatiles, PMa2s, PMyg,
Day Summa PUF/XAD- metals CO and CO,
2/PUF
Field blank Field blank Field blank Field blank Background
{upwind)
1 T Series*pans®
ype weight Background Background Background Background Background
(upwind, (upwind, (upwind, lofted) (upwind, lofted) (upwind,
lofted) lofted) lofted)
2,3 AP1 2*6*200 b @ 12 Pans X @ 6 Pans X
4*6*200 Ib @ 6 Pans X @ 6 Pans, PM2.5 X
(see below) only
4,5 SB 3*6*200 b NA @ 12 Pans X @ 12 Pans X
3*6*200 b X
6,7 DB 3*6*200 b NA @ 12 Pans X @ 12 Pans X
DB 3*6*200 1b X
8,9 B 3*6*200 1b NA @ 12 Pans X @ 12 Pans X
B 3*6*200 Ib X
101 AP2 2*6*200 1b @ 12 Pans @ 6 Pans X
1
4*6*200 Ib @ 6 Pans @ 6 Pans, PM2.5 X
(see below) only
121 backup
3
14 OD tests Trial survivability tests for aerostat with shrapnel detonations
15 cleanup

AP1, AP2 = ammonium or potassium perchlorate (TBD) #1, #2; NA = not applicable; SB = single base; DB = double base; TB = triple base;
OD = open detonation.

Cl Matrix for Each AP Propellant

Four six-pan series will be tested for primary analytes (bold) and secondary analytes using the cartridge and
silica methods in parallel as follows:

Cartridge Method Silica Method
# pans, wt MCE filter H,S50,-treated Na,COs-treated filter | MCE filter Silica gel
filter tube
6* 200 lbs Perchlorate, - HCI, perchlorate - HCI
chloride
6* 200 lbs Perchlorate, cl, HCI, perchlorate Perchlorate, HCI
chloride chiloride
6* 200 lbs Perchlorate, - HCI - HCI
chloride
6* 200 Ibs Perchlorate, HCI, HCI (2 filters in Perchlorate, HCI
chloride series) chloride
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The combination of these methods will allow us to compare the cartridge and silica methods for HCI
(quantity and variance of data), determine perchlorate concentration and analyze for perchlorate vapor
“slip” onto the Na,CO; filter, evaluate chloride deposition on the MCE filter, look for HCl breakthrough, and
evaluate the presence of Cl,.
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Introduction

This is an addendum to the QAPP entitled “Determination of Emission Factors from Open Burning and Open
Detonation of Military Ordnance” relating to additional work scheduled for the Summer and Fall of 2011. In
2010 the Department of Defense’s Strategic Environmental Research and Development Program (SERDP)
awarded second year funding to further pursue development of methods for emission characterization of
open burning of military propellants. This additional work focused on multiple propellant types including an
ammonium perchlorate (AP) propellant with target analytes of perchlorate, chloride, and hydrogen chloride
from the Cl-containing propellants. Methods for sampling these Cl-based analytes were derived from indoor
and personal sampling methods and were covered in a previous addendum dated April, 2011. This field
sampling was apparently successful, but the tests were limited in number. Further, the potential for
breakthrough of the analytes could not be assessed based on the setup used at Tooele. The scope of this
additional work relates to further testing of the same sampling methods detailed in Addendum #1. This
additional testing will allow methods development with parallel samplers, control of flow rates, sample size,
and simultaneous methods evaluation. The work on HCl testing will be done at the US EPA facilities at
Research Triangle Park and the AP burns will be done at the U.S. Navy’s Naval Surface Warfare Center
(NSWC) in Indian Head, Maryland. The work at NSWC is being sponsored by the U.S. Army Defense
Ammunition Center (DAC).

Schedule

June 24, 2011 Draft QAPP Addendum submitted to EPA with
copies to U.S. Army DAC and NSWC

July 1, 2011 QAPP reviewed and approved.

July 12, 2011 HCl testing at RTP or AP testing at NSWC

August 8 or 15, 2011 Alternate date for AP testing at NSWC

October 7, 2011 Draft report/paper to DAC and to EPA review

November 30, 2011 Final report/paper

Method
HCI Sampling

Methods for sampling HCl are primarily derived from those intended for sampling inhalable HCl to relate to
exposure risk. Methods consist of a filter method (1ISO Method 21438-2) and silica gel tube method (NIOSH
1994). Tests done with HCl at the EPA’s RTP laboratories will evaluate the sorptive capacity and
breakthrough limits of an alkali-impregnated filter and silica gel methods.

HC!l will be sampled in parallel using 1) alkali-impregnated filters following a solid perchlorate filter and 2)
silica gel tubes as per Lindsay et al. {1999). HCl gas is expected to pass through the first perchlorate/chloride
filter and be adsorbed by a second, quartz filter coated with Na,COs;. These coated filters are available in a
cartridge from SKC Corporation. Any hydrochloric acid transiently collected on the initial filter is expected to
rapidly evaporate and be collected along with the gaseous HCl (Howe, et al. 2006). This method, including
the prefilter followed by a Na,COs-impregnated quartz filter, is consistent with a method from France (INRS,
2002}, as cited in Howe et al. {2006) and became a European standard method 20089 (ISO Method 21438-2).
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Silica gel collection methods such as NIOSH Method 7903 (NIOSH 1994) may undersample HCl mist, as
particle size collection characteristics on the silica gel sorbent tube do not match the inhalable convention
(Howe et al,, 2006). While there are considerable questions relating to the relevance of these methods to
the inhalable particle/droplet size (Howe et al., 2006), our effort is more concerned with complete capture
and quantification.

The NIOSH silica gel tube method is written based on flowrates of 0.2-0.5 L/min. Because of the brief time
available to sample rocket plumes in the field, a faster volumetric sampling rate, up to 1.5 L/min, is desired.
However, we need to test the breakthrough capacity in order to guard against falsely low measurements in
the field.

The work covered here will involve feeding known concentrations of HCl gas through the filter cassette (SKC
model 225-9005) and silica gel tube while measuring breakthrough versus flowrate and concentration. HCl
gas will be metered via a mass flow controller and will target concentrations seen in the field during
sampling {ca. 20 ppm). Feed HCl gas will be monitored at the beginning of the test and exit gas will be
monitored throughout the test with the Bodenseewerk analyzer. These tests will determine the ability of
the NIOSH method to extend to higher flowrates without breakthrough. A few tests will be monitored with
Draeger diffusion tubes (1.3 — 200 ppm) in anticipation of their use at subsequent Indian Head tests. Test
conditions are shown in the table below.

ISO Method 21438-2, 4 N2 only

filter method
4 N2 only 5
4 <20 1
4 <20 5
4 50 1
4 50 5
10 N2 only 1
10 N2 only 5
10 <20 1
10 <20 5
10 50 1
10 50 5

NIOSH Method 7903, 1.5 N2 only 1

silica gel tube method
1.5 N2 only 5
15 <20 1
15 <20 5
15 50 1
15 50 5

Select filters may be analyzed for HCl by ion chromatography methods specified in EPA Method 26 as a
check. These analyses will likely be performed by CAS (NY) as with the Tooele Year 2 samples; their limit of
detection for this method is 4 pg/filter.
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Perchlorate, Chlorate, Chloride
Sampling

A single type of ammonium perchlorate (AP, over 65% by
mass) propellant available at NSWC Indian Head will be
tested in their facilities. A small amount {5 to 25 g) of AP
will be burned in an enclosed, vented hood (see photo).
The hood is approximately 48 ft* in size. Its emissions are
vented to the outside. The emissions from the AP burn will
be sampled by EPA with up to four samplers at once, testing
the two different methods, the filter-based {SO method and the silica gel NIOSH method. The ventilation
rate of the hood will be reduced during the burns to increase the residence time of the AP gases within the
hood, allowing for greater capture by the samplers. The target analytes will include perchlorate, chlorate
ion, HCl, and chloride salts. The samplers will be those used in the April 2011 Tooele testing (Figure 1).

Method 2 Silica Filter

SR S

Method 1

Inlet

MCE filter CO; impregnated

MCE filter
CO; impregnated

L~ MCE filter
Outlet

l Outlet

Figure 1. Sampling apparati for HCl, perchlorate, and chlorate. Method 1 (1ISO 21438-2) followed by a second
additional COj; filter at the left and method 2 (NIOSH 7903), followed by a CO; filter, at the right.

Perchlorate will be sampled using a modification of the method discussed in Lamm et al. (1999). The
method consists of sampling at a flowrate of 2 L/min through a 37 mm mixed cellulose ester (MCE) filter (0.8
pum pore size) enclosed in a closed-face cassette (SKC Corporation). Perchlorate salts are captured as a solid
on the filter, which assumes no perchloric acid formation. Cassette samples will be dissolved/extracted in
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water, an internal standard added, and then analyzed for perchlorate with LCMS and for chloride with ion
chromatography as per U.S. EPA SW-846 Method 6850. Samples will be analyzed at Columbia Analytical
Services {CAS, NY).

The detection limit for perchlorate is cited as 0.004 ug/filter by CAS (NY). For the purposes of determining
required sampling volumes and times to reach perchlorate detection levels, we used the chlorate ion
emission factor derived at Tooele 2011, 1.0 E-06 g/g CI03-. In order to reach 5 or 10 times the method
reporting limit with a propellant size of 5 g we need to sample for 4 or 8 minutes, respectively, with a flow
rate of 4 L/min. Table 2 shows the test matrix including the similarly calculated sampling times to reach 5 or
10 times the detection levels.

We also will sample for formation of HCl using the filter and silica gel tube methods indicated above during
the Indian Head tests. HCl will be sampled in parallel using alkali-impregnated filters following the
perchlorate filter and silica gel tubes as per Lindsay et al. (1999). HCl gas is expected to pass through the
perchlorate/chloride filter and be adsorbed by a second, quartz filter coated with Na,CO;. These coated
filters are available in a cartridge from SKC Corporation. This filter will be analyzed for HCl by ion
chromatography methods specified in EPA Method 26.

Ambient air background levels will be determined for perchlorate, chloride, and HCI.

Lamm et al. (1999} and 5 4 4

ISO Method 21438-2 5 10 2
5 4 8 10
25 4 2 10
25 10 1 10
Background 4 60?
Background 10 60?

NIOSH Method 7903 5 15 2 NA
25 15 1 NA
Background 1.5 60?

Background sampling times to achieve the detection limit are unknown.
NA = HCl values only can be determined.

The combination of these methods will allow us to compare the cartridge and silica methods for HCI
(quantity and variance of data), determine perchlorate concentration, analyze for perchlorate vapor “slip”
onto the Na,CO; filter, evaluate chloride deposition on the MCE filter, and look for HCl breakthrough.

The sampling times in Table 2 rely on our preliminary emission factors determined at Tooele in 2011 and so
assume that the small scale AP tests at Indian Head will yield Cl species in a proportionate manner. Another
confounding factor is the evacuation rate of the Indian Head chamber. To guard against these unknowns,
CO2 will also be monitored in the Indian Head chamber to monitor pollutant depletion using the same Li-
COR sampler as used at Tooele. Further assurance of the target levels inside the chamber will be
determined qualitatively by monitoring HCl using Draeger diffusion tubes. The sampling times will be
adjusted accordingly to achieve the desired ratio above the detection limit.
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Appendix D: Data for Each Sample Collected

All EFs are ambient air background corrected.

Table D1. Number of samples collected for each propellant type.

Propellant type PM2.5 PM10 svVoC VOC HCl/perchlorate/chlorate
M31AL1EL 3 3 2 4 0
M26 2 2 1 5 0
SPCF 2 2 2 3 0
Sparrow Rocket Motor 0 1 1 1 2

Table D2. SVOC Emission factor for each collected sample.

M31A1E1  M31A1EL M26 SPCF SPCF AP Static

Ib/lb Carbon Ib/lb Carbon Ib/lb Carbon  Ib/lb Carbon  Ib/lb Carbon  Ib/lb Carbon
Nitrobenzene 5.6E-06 2.5E-06 1.4E-07 ND ND ND
Nitrotoluenes 2.1E-07 ND ND ND ND ND
Naphthalene 6.9E-06 6.5E-06 1.2E-07 7.8E-08 1.38-07 8.4E-07
Acenaphthylene 1.6E-07 2.6E-07 2.9E-08 8.3E-10 4.2E-08 5.3E-08
Acenaphthene 8.8E-08 1.5E-07 8.5E-09 6.6E-09 1.2E-08 ND
Fluorene 5.8E-07 6.0E-07 3.3E-08 1.8E-08 4.5E-08 1.6E-07
Phenanthrene 3.2E-07 8.9E-07 6.2E-08 5.4E-08 1.5E-07 5.5E-07
Anthracene 2.4E-08 7.3E-08 3.8E-09 2.2E-09 1.3E-08 5.7E-08
Fluoranthene 3.3E-08 1.3E-07 1.7E-08 1.2E-08 2.9E-08 1.9E-07
Pyrene 2.5E-08 1.0E-07 1.2E-08 9.5E-09 2.3E-08 ND
Benzo(a)anthracene ND ND ND ND ND ND
Chrysene ND ND ND ND 9.3E-09 ND
Benzo(b)fluoranthene ND ND ND ND ND ND
Benzo(k)fluoranthene ND ND ND ND ND ND
Benzo(a)pyrene ND ND ND ND ND ND
indeno(1,2,3-cd}pyrene ND ND ND ND ND ND
Dibenz{a,h)anthracene ND ND ND ND ND ND
Benzo(ghi)perylene ND ND ND ND ND ND

ND = Not detected, ND values were ignored when calculating the EFs. Detection Limit- The concentration of a compound where
the peak height is 2.5 times the height of the peak-to-peak noise, see Table D3 for detection limits.
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Table D3. SVOC concentration and concurrent amount of carbon in each sample.*

: AP
Ambient 20 M1E1 M31AIEL  M26  SPCF SPCF

air Static
ng/m’ ng/m’ ng/m> ng/m> ng/m> ng/m’ ng/m’

Nitrobenzene ND 1439 762 33 ND ND ND
[0.13] [3.6] [11] 3.2]  [3.1]  [9.6] [25]

Nitrotoluenes ND 55 ND ND ND ND ND
[0.33] (8.8] [28] [7.8]  [7.6] [23] [61]

Naohthalene 0.57 1790 1996 28 17 31 48
P [0.017] [0.46] [1.4] [0.41] [0.39] [L.2] [3.2]
Acenanhthvlene 0.072 42 81 6.9 0.25 9.7 3.0
phthy [0.038] [1.0] [3.2] [0.91] [0.88] [2.7] [7.1]
Acenaohthene 0.072 23 45 2.0 1.4 2.9 ND
P [0.022] [0.60] [1.9] [0.53] [0.51] [L1.6] [4.1]
fluorene 0.23 149 184 8.0 4.0 11 9.0
[0.019] [0.51] [1.6] [0.45] [0.44] [1.4] [3.5]

Shenanthrene 0.45 84 274 15 12 36 32
[0.011) [0.28] [0.9] [0.25] [0.24] [0.75] [2.0]

Anthracene 0.024 6.1 22 091 0.0 2.9 3.2
[0.012] [0.31] [1.0] [0.28] [0.27] [0.83] [2.2]

Fluoranthene 0.078 8.6 40 4.0 2.6 6.7 11
[0.044] [1.2] [3.7] 1.1 [0}  [3.2] [8.2]

burene 0.054 6.6 31 2.9 2.1 5.5 ND
y [0.022] [0.60] [1.9] [0.53] [0.52] [L1.6] [4.1]
Benzo(a)anthracene ND ND ND ND ND ND ND
[0.031) [0.85] [2.7] [0.75] [0.73] [2.2] [5.8]

Chrvsene ND ND ND ND ND 2 ND
¥ [0.026] [0.69] [2.2] [0.61] [0.59] [1.8] [4.8]
Benzo(b)fluoranthene ND ND ND ND ND ND ND
[0.022] 0.60] [1.9] [0.53] [0.52] [L1.6] [4.1]

Benzo(k)fluoranthene ND ND ND ND ND ND ND
[0.045] [1.2] [3.8] 1.1  [L0]  [3.2] [8.4]

Benzo(a)pyrene ND ND ND ND ND ND ND
Py [0.046] [1.2] [3.8] 1.1 [L0]  [3.2] [8.4]

ND ND ND ND ND ND ND

Indeno(1,2,3-cd)pyrene | 5 1331 559 (2.8] [0.79] [0.76]  [2.3] 6.1]
. ND ND ND ND ND ND ND
Dibenz(a hjanthracene | g, [1.3] (4.1] (1.2] (11  [3.5] (9.1]
Benzolghi)perylene ND ND ND ND ND ND ND
[0.0056] [0.15] [0.48] [0.13] [0.13] [0.40] [1.0]

Carbon (mg/m’) NA 257 306 232 216 231 56

* ND=Not detected, detection limit within parentheses. NA — not applicable.

D-2

ED_001691B_00010780



Table D4. PM EF for each collected sample, in Ib/lb NEW .*

Sample # PM2.5 Sample # PM10
M31A1E1L 1 3.5E-03 1 4.5E-03
2 3.2E-03 2 3.5E-03
3 4.0E-03 3 3.9E-03

M6 | 1 11802 | 1 11602 |
2 1.2E-02 2 1.1E-02

sece | 1 15602 | 1 14E02 |
2 1.5E-02 2 1.5E-02

AP Static | T NS | 1 15601 |

*NS - Not Sampled.

Table D5. PM concentration and amount carbon collected in each sample.*

Sample # PM2.5 Carbon Sample # PM10 Carbon
pg/m’ mg/m’ ug/m’ mg/m’
MI31A1EL 1 ‘EZ? 265 1 6{;2]2 265
2 ‘:é;f 319 2 fgg]z 319
__________________________ S N 7 R
was N I T TR N
__________________________ S N A T
spCF 1 1[111(;3 207 1 1[1115]5 207
__________________________ O PO N
dosiae | Lo s ey
Ambient air 1 [Oil] NA 1 [0‘121] NA

* NS — Not Sampled. Detection limit within parentheses. NA — not applicable.
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Table D6. Metal EF for each collected sample, in Ib/lb NEW.*

Sample PM2.5 PM2.5 PM25 |sample PMI10 PM10 PM10 PM10 PM10 PM10
# K Ba Pb # K Ba Pb Al Fe Mo
M31A1E1 1 7.0E-04 NA NA 1 7.5E-04 NA NA NA NA NA
2 8.4E-04 NA NA 2 9.0F-04 NA NA NA NA NA
3 9.3E-04 NA NA 3 9.8E-04 NA NA NA NA NA

v | 1 18603 25603 NA | 1 18603 26E03 | NA NA NA NA
2 1.76-03  2.5£-03 NA 2 1.7E-03  2.6E-03 NA NA NA NA

CspcE | 1 23603 NA  60E03 | 1 23803 NA  60E03  NA NA | NA
2 2.5E-03 NA 6.3E-03 2 2.5E-03 NA 6.3E-03 NA NA NA

APstmtc | 1 NS NS NS | 1 82604 NS | NS 12£02 53E03 49E03

* NS=Not sampled. NA=Not analyzed.

Table D7. Metal concentration in each collected sample in pg/m3.*

Sample PM2.5 PM2.5 PM2.5 |sample PMI10 PM10 PM10 PM10  PM10 PM10
# K Ba Pb # K Ba Pb Al Fe Mo
1020 1093
M31A1E1 1 [4.8] NA NA 1 [4.8] NA NA NA NA NA
1468 1574
2 [4.9] NA NA 2 [4.9] NA NA NA NA NA
1598 1693
I o M M L e M A
1976 2751 1993 2854
M26 1 3.4] 055 NA 1 3.4] [0.55] NA NA NA NA
1066 1520 1073 1571
I ooy e M2 g gy MM WA WA
1853 4769 1824 4811
SPCF 1 .81 NA 2.8] 1 2.8] NA 28] NA NA NA
2113 5307 2113 5362
R P ™M py 2 pa M py MM WA
182 2739 1172 1082
Apstate | oW W™ M Y g ™ o sa 3 pa
) ) 1 0.43 ND ND 1 0.47 0.052 ND 1.3 0.24 ND
Ambient air [0.083] [0.013] [0.083] [0.083]  [0.013] [0.083] [0.25] [0.033] [0.033]

* ND=Not detected, detection limit within parentheses. NS=Not sampled. NA=Not analyzed. Amount of carbon collected for each
sample is shown in Table D5.
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Table D8. VOC EF for each collected sample in Ib/lb Carbon.*

Sample # Benzene Toluene Ethylbenzene Xylene Trimetlkfliﬁ;anzene

M31A1E1 1 8.6E-06 3.4E-04 4.3E-05 2.4E-04 6.0E-05
2 3.8E-06 2.1E-05 4.8E-06 2.8E-05 8.6E-06
3 4.4E-06 7.4E-05 1.3E-05 7.8E-05 2.6E-05
4 2.9E-05 5.0E-04 2.8E-05 1.6E-04 4.1E-05

M2 1| 12805 17806 | ND 9.9E06 72606
2 1.4E-05 2.4E-05 9.8E-06 6.3E-05 2.1E-05
3 1.6E-05 BBL ND 4.1E-05 3.2E-05
4 3.2E-06 2.0E-07 ND 3.2E-06 1.5E-06
5 ND 9.0E-07 ND 1.1E-05 8.6E-06

secr 1| N 5.86-06 87E-06  7.4E05 12604
2 ND 2.7E-06 ND 8.6E-06 5.0E-06
3 ND BBL ND ND 7.0E-06

APStatic 1 | | N 41805 | ND L1E04 56605

* ND = Not detected, see Table D9 for detection limits. BBL = Below background level.
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Table D9.VOC, CO

» and CO concentration in each collected summa canister sample.”

Ethyl- m,p- o- L24-
Sample # | Benzene  Toluene , Trimethyl- €Oz co
benzene Xylene  Xylene
benzene
ug/m*  pg/m’ ug/m’ ug/m’  pg/m’ pg/m’ ppmV  ppmV
11 44 55 22 8.9 7.7 670 ND
M31A1E1 1 [0.53] [0.57] [0.53] [1.1] [0.57] [0.57] <8.8> <88>
5 11 7.1 1.4 58 2.4 25 1,000 ND
los8]  [o62]  [0.58]  [12] [062] ~ [062] ~  <9.6> <9.6>
R 12 21 3.4 15 6.2 6.9 960 ND
fos8]  [o63]  [058] [12]  [063] [0.63]  <9.7> <9.7>
A 3.0 53 2.9 12 46 4.2 620 ND
I S (043] [047] ~ [043] _ [0.50] _[047] [047] <7.2>  <7.2>
36 16 ND 19 0.97 2.1 1,000 ND
M26 1 [0.48] [0.52] [0.48) [1.0] [0.52] [0.52] <81> <81>
5 18 43 1.3 5.8 2.5 2.8 680 ND
[0.56] [0.61] [0.56] [1.2]  [0.61] [0.61] <9.4>  <9.4>
3 0.69 0.88 ND 12 0.60 14 500 ND
[0.56] [0.60] [0.56] [1.2]  [0.60] [0.60] . <9.3>  <9.3>
. 3.1 13 ND 2.1 1.0 15 2,400 ND
[0.57] [0.62] [0.57) 21]  [0.62] [0.62] <9.6> <965
. ND 13 ND 16 0.82 19 860 ND
I S 068 _[074] _[068] (14] _[074) _[074] _ <11>  <11>
ND 17 0.90 4.8 2.8 12 620 ND
SPCF 1 [0.56] [0.60] [0.56) [1.2] [0.60] [0.60] <93>  <93>
5 ND 2.0 ND 2.0 0.91 17 1,100 ND
[0.62] [0.67] [0.62] (1.3]  [067] [0.67] <10>  <10>
3 ND 11 ND ND ND 13 790 ND
I S (054] [059] (0.54] (11 [0.59] | [0.59] . 91> <9.1>
ND 15 ND 11 ND 0.55 430 ND
Apstate S 0501 [054]  [0.50) (0]  [054]  [0.54] 83> <83>
Ambentar 1 ND 1.1 ND ND ND ND 410 ND
[0.51] [0.56] [0.51] 1.1 [0.56] [0.56] <8.6> <8.6>

* ND=Not detected, detection limit within parentheses. Method reporting limit within arrows.
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